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THE INVESTIGATION of automotive crash in- 
juries at Cornell University Medical College 
is a research project designed to study, by 
epidemiologic methods, the injury pattern 
of the occupant involved in an automobile 
accident and the relationship of the ob- 
served injuries to the structures which can 
be associated as causative agents. By co- 
operation among law enforcement, public 
health, and medical agencies throughout 
the country, the actual injury-producing 
accidents and the injured occupants in these 
accidents have been studied. A large body 
of data has been collected, recorded, and 
analyzed, and many aspects of the automo- 
bile crash and crash injury have been stud- 
ied. ‘he epidemiologic method of study has 
been fully described in a previous publica- 
tion (1) and in the present article we plan to 
describe some of the findings of these studies. 


ASPECTS 


In each injury-producing accident, a 
com) lete medical report was submitted by 


the »hysician treating the injured person. 


Fro: the Departments of Surgery and Public Health and Pre- 
Sg Medicine, Cornell University Medical College, New 
ork, 


All data were analyzed and then recorded 
by calculating machine methods and tabu- 
lated in order to study many aspects of 
injury. Some of the many categories studied 
were: distribution of injuries according to 
body area, over-all degree of injury, fre- 
quency of body area injury, and degree of 
injuries to body area (percentage of injuries 
and percentage of injured persons). There 
were detailed studies performed on the data 
concerning each body area as well. 

An analysis of 1,000 injury-producing ac- 
cidents in which 1,678 occupants were in- 
jured has been made. Among those occu- 
pants injured in an automotive crash, 75 
per cent suffer some degree of head injury. 
Injuries to the head and face remain most 
frequent when multiple body area injuries 
are sustained. Head and lower extremity 
injuries are observed most frequently in 
combination of multiple body area injuries. 
About half (47 per cent) of all occupants 
injured are injured to a minor degree only. 
Thirty-nine per cent of the injured occu- 
pants receive an injury of moderate through 
fatal degree. When one realizes that over a 
million people are injured annually, this 
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TABLE I.—MAJOR CAUSE OF INJURY 
cent of occupants injured 
Any Moderate to Dangerous to Order of 
degree fatal degree fatal degree importance* 


Steering assembly 29.4 8.4 25 1 
14.6 6.9 4 2 
Instrument panel 20.6 4.2 3 
Windshield. .... 16.9 4.6 6 4 


Backrest of front 
seat (top por- 


11.0 2.4 1,1 5 
Door structures... 7.7 2.4 6 
Backrest of front 

seat (lower por- 

Front corner post 2.0 12 8 
Flying glass. .... 3.0 .02 
Top structures... 1.2 6 10 
Rear view mirror 2.2 6 02 11 


*Based on (a) the number of occupants actually exposed to the injury 
hazard of the object, (b) the frequency of injury caused by the object, 
(c) the degree of injury caused by the object. 


TABLE II.—COMPARISON ON THE BASIS OF EX- 
POSURE TO SEVERE ACCIDENTS 


(A) (B) 
Crash severity Average No. Results of 


Period of Per cent of accidents of occupants statistical 
manufacture Severe or worse per car analysis 
1940-1949... 23.0 23 Differences in 
1950-1954... 23.3 22 (A) and in 
22.5 2.1 (B) not sta- 
18.5 22 tistically 
significant 


Comments: There is an essential similarity between periods of manu- 
facture for the frequency of severe or worse accidents; there is an essen- 
tial similarity between periods of manufacture for occupant exposure 
rate. 


TABLE III.—COMPARISON ON BASIS OF FREQUENCY 
OF DOORS OPENING 


(A) (B) (C) 
Rollover Non-rollover _—_All types 
Period of accidents, accidents, accidents, 
manufacture per cent per cent per cent 
Difference in risk of front 
doors opening....... —15.1 —12.8 —12.3 
Maximum improvement 
demonstrated........ 20.1 33.6 26.6 


Results of statistical analysis: Differences in risks in categories (A), 
(B), and (C) are statistically significant at the 95 per cent level of 
confidence. 


group Of severe injuries involves an alarming 
number of individuals. 

The data collected and analyzed reveal 
that multiple injuries constitute the most 
common pattern; actually over 66 per cent 
of all injured persons suffered injuries in 2 
or more body areas. About half of all in- 
jured automobile occupants suffer a head 
injury in combination with injury in an- 
other area of the body. The data clearly 


TABLE IV.—COMPARISON ON BASIS OF INCID! NCE 


OF EJECTION 
(B) 
Risk of dang: ous to 
(A) fatal degree: jury 
Risk of ejection Per cent of ov. upants 


Per cent of occupants with dangervius to 


Period of manufacture ejected fatal degree injury 
Differences in risks. . . —5.8 —2.7 
Maximum improve- 

ment demonstrated 48.7 29.0 


Results of statistical analysis: Differences in risks in categories (A) and 
(B) are statistically significant at the 95 per cent level of confidence, 


indicate the great importance of a thorough 
examination of all body areas of all victims of 
crash injury to determine whether multiple 
injuries do exist and to establish a priority of 
definitive treatment. 

A detailed more complete analysis of the 
injury patterns of automotive crashes has 
been presented in a previous publication (1). 


INTERIOR DESIGN RELATED TO INJURY 
PRODUCTION 


The specific objects of automobile interior 
design which were associated with the pro- 
duction of injury during impact were evalu- 
ated in 2,000 injury-producing accidents. 

The objects in the interior of the car which 
are listed in Table I were most frequently 
associated with passenger injuries. The ob- 
ject most frequently inflicting injury was the 
steering wheel. Twenty-nine per cent of 
drivers were injured by the steering wheel. 
Ejection was the second most frequent cause 
of injury. Other items of interior design and 
their order of importance in injury procuc- 
tion are listed as well in Table I. 

In this study, we have correlated the in- 
jury with that part of the automobile design 
directly causing that injury. This con/irms 
general opinion that those objects in the 
forward portion of the car are most [re- 
quently injury-producing. On the «ther 
hand, the opinion that the rear view m ‘ror 
is a specific cause of injury is not supported 
by these data. 

Recent engineering changes have ‘cen 
aimed at reducing the injury potential « the 
items at the top of the list. By redesig ing 
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Impact Speed 


35 MPH 


Fic. 1. Each of these accidents involved a right front corner impact with another car at the speed 
indicated. Note the similarity of car damage. Above, Seat belt case. Below, Non-seat belt case. The 
driver not wearing a seat belt was thrown forcefully against the right door. The injuries resulting 


from each accident are indicated. 


stecring assemblies, padding instrument 
panels, and attempting to keep the doors 
froin opening under impact conditions to 
prevent occupant ejection, a very large seg- 
me it of total occupant exposure to injury 
prc juction has been attacked. With design 
bei .g geared with a thought to injury pre- 
vei ‘ion and control, it quite naturally fol- 
lov . that this type of measurement must be 
co: inued to determine the efficacy of the 


current and future attempts at “‘safety de- 
sign.” 


STUDY OF CURRENT SAFETY DESIGN IN 
1956 MODEL CARS 


In 1956, several automotive manufac- 
turers incorporated safety designs in their 
new cars. All manufacturers made changes 
in an effort to reduce occupant ejection 
(which in our series multiplied by 5 the 
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TABLE V.—EVALUATION OF SAFETY BELT EFFECTIVENESS IN AUTOMOBILE ACCIDENTS 
I. Control group (without safety belts) Experimental group (with safety belts) 
81 cars, 139 occupants 81 cars, 97 occupants 
II. Control and experimental groups identical as to: 
1. Type of accident 6. Number of cars per accident 
2. Area of principal impact 7. Make of case car 
3. Direction of principal force 8. Weight of case car 
4. Speed at impact 9. Year of manufacture of case car 
5. Frequency of doors opening 10. Seated area of occupants 
III. Results of comparison 
Frequency of injury, 
per cent. Results in Maximum improvement, 
Type of injury Control Experimental statistical analysis per cent 
99.9 per cent level of 
confidence 
Moderate ito fatal. 23.0 9.2 Difference significant at 60.0 
98.0 per cent level of 
confidence 
tO 3.6 1.0 Difference not statisti- None (probably due 


incidence of dangerous to fatal degree in- 
juries). Other changes were incorporated 
to reduce the incidence of severity of injury 
from striking pointed or unpadded objects. 

It was believed that several thousand 
injury-producing accidents studied prior to 
the advent of ‘‘safety design”’ could act as an 
excellent control group for comparison. 
Hence it was believed that if enough data 
were obtained on accidents involving recent 
model carsand compared with similar “‘con- 
trol” data on cars of earlier manufacture, one 
could arrive at a statistically significant 
observation and conclusion on “‘safety de- 
sign.” 

Over the last year, accident and injury 
data were collected on 2,750 injury-produc- 
ing accidents in cars manufactured during 
the last 15 years. Two hundred of the cars 
studied were 1956 model cars from all ma- 
jor automobile manufacturers. 

The two groups (control and experi- 
mental) were examined to determine the 
similarity of exposure in terms of crash 
severity and number of occupants involved. 
Table II presents the percentage of severe 
or worse accidents and the average number 
of occupants per car in both groups. All 
years of manufacture of cars were essentially 
similar as to exposure to severity of accident 
and exposure of occupants to injury. 

Table III compares 2,550 cars of 1940 to 
1955 manufacture to 200 1956 model cars 


cally significant to small sample 


size) 


as to frequency of doors opening during the 
impact. It was hoped that the introduction 
of “‘safety” door locks into all cars during 
the 1956 period of production, would reduce 
the incidence of ejection and, therefore, the 
incidence of severe through fatal injury. ‘The 
statistically significant figures show between 
10 and 15 per cent decrease in incidence of 
doors opening in rollover and non-rollover 
accident. 

Table IV lists the incidence of ejection 
and incidence of dangerous through fatal 
degree injuries in 1940 to 1955 and 1956 
cars. Here the incidence of occupant ejec- 
tion was decreased 5.8 per cent, actually 
halving the number of occupants ejected 
(11.9 per cent versus 6.1 per cent). In the 
same study, the incidence of dangerous 
through fatal degree injuries was reduced 
2.7 per cent. This is an absolute improve- 
ment of 29 per cent. Both changes are sig- 
nificant at the 95 per cent level of confidence. 

In 1955, a study by Moore and associates 
of the collected injury-producing accidents 
revealed no essential difference in the inci- 
dence of injury between cars of 1940 to 1949 
manufacture and cars of 1950 to 1954 man- 
ufacture. Yet with the first incorporation of 
“safety design,” namely door locks aid 
padding, the data indicate a highly signi ‘i- 
cant decrease in the injury potential of tve 
automobile. It should be noted that t!:is 
difference has been measured in that area of 


Ir 


| 
|| 
/ 
n 
f; 
4 
i 
I 


1e 
le 


Braunstein ef al.: EFFECT OF AUTOMOTIVE SAFETY DESIGN ON INJURY PATTERNS 261 


Seat Belt Case... 


Fic. 2. Each of these accidents involved a right front corner impact with another car at the speed 
indicated. Note the similarity of car damage. Above, Seat belt case. Below, Non-seat belt case. The 
driver not wearing a seat belt was partly ejected through the windshield. The injuries resulting from 
each accident are shown. 


most severe injury, i.e., dangerous through 
fat«| grade injury. Again, the study has been 
male as objective as possible and has not 
changed in method or approach since its 
inc-ption several years ago. 


STl OY OF SEAT BELT EFFECTIVENESS 


‘hree hundred cars equipped with seat 
be s were involved in rural accidents. By 
re. ewing over 4,000 control cases, it was 


possible to match closely 81 cars without 
seat belts with 81 cars with seat belts. This 
control group and experimental group of 
cars were identical as to type of accident, 
area of principal impact, direction of prin- 
cipal force, speed at impact, frequency of 
doors opening, number of cars per accident, 
make of case car, weight of case car, year of 
manufacture of case car, and seated area of 
occupants. 
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Seat Belt Case 


aaa 


55 MPH<__| 


Fic. 3. Each of these accidents involved a head-on impact with another car at the speed indicated. 
Note the similarity of car damage. Above, Seat belt case. Below, Non-seat belt case. The injuries 


resulting from each accident are shown. 


The results of comparison are listed in - 


Table V. Some injury was experienced by 
75.5 per cent of the persons in the control 
group (no belts) and 29.9 per cent in the 
experimental group (with belts). Moderate 
through fatal degree injury was reported 
for 23.0 per cent of the control group versus 
9.2 per cent of the experimental group. 
Dangerous through fatal grade injury was 
reported for 3.6 per cent of the control 
group versus 1.0 per cent of the experimental 


group. All degrees of injury and moder: te 
through fatal grade injury were decrea:d 
to a degree which was statistically signific. nt 
at a very high level of confidence. The nu n- 
bers were too small in the dangerous to fa al 
grade injury group hence no statisti: al 
limits of confidence could be computed or 
the difference; however, the ratio betw: ° 
the two groups appears at least equal ‘ 
those groups large enough to demonstr | 
statistical significance. 
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It is believed that the aforementioned 
data are quite realistic as the highway has 
been used as the “‘laboratory” and the acci- 
dent as the “individual experiment.” In 
our tninds, these findings are probably more 
significant than those arising from studies 
carried out on older cars, with integral por- 
tions of their frames removed for “‘study 
purposes.” Dummies cannot measure in- 
jury production, only force level, and find- 
ings stemming from studies using dummies 
certainly cannot compare with the recorded 
injury of an accident victim. 


GENERAL COMMENT 


The victim of an injury-producing auto- 
mobile crash suffers a 75 per cent risk of 
some grade of injury and about 50 per cent 
of those injured will suffer an injury serious 
enough to require hospitalization. There is a 
high incidence of multiple body area in- 
juries. The head is the most frequently in- 
jured single body area. Head injury is most 
frequently seen with other body area injuries 
as well. 

The causes of injury following automotive 
crashes are determined. The most frequent 
causes of passenger injury in decreasing or- 
der of importance as to frequency as well as 
severity are the steering assembly, occupant 
ejection, the instrument panel, the wind- 
shield, and other structures which are situ- 
ated at the forward area of the passenger 
compartment. 

Preliminary findings on evaluation of the 
efficacy of recent “safety design” in 200 
1956 cars involved in accidents seem to in- 
dicate about one-third decrease in incidence 
of doors opening on crash impact with no 
rolluver (representing approximately 80 per 
cen’ of the accident configurations). A de- 
cre: se of 49 per cent has been observed in 
occ: pant ejection. The decrease of 29 per 
cen. in dangerous to fatal grade injuries is 
mo:: probably the result of the lessened risk 
of «ction. 


Preliminary data on 81 paired cases 
(similarity of 10 points of comparison ob- 
tained) between accidents in which seat 
belts were used and accidents in which seat 
belts were not used revealed a striking dif- 
ference in severity of injuries produced. 
Where seat belts were in use, there was a 
60 per cent range of improvement in in- 
juries observed. These data, gathered from 
actual, not potential or theoretic, accident 
experience, seem to indicate thedefinite pro- 
phylactic value of seat belts as now designed. 


SUMMARY 


Several thousand cases of injury-produc- 
ing automobile accidents have been studied. 
The incidence of multiple injuries as well as 
multiple body areas injured is striking. 
Specific objects that cause injuries following 
crash impact are discussed and their relative 
importance is listed. Recent safety design 
engineering in its relative infancy apparently 
has decreased frequency and severity of in- 
jury as determined by the preliminary com- 
parison with representative control data. 

Seat belts, as studied in 162 cases of auto- 
mobile accidents, seem to lessen dramatically 
the severity and frequency of injuries. It is 
believed that these forward steps in safety 
design have been concrete in their accom- 
plishments. This type of engineering solu- 
tion is based on medical findings and when 
linked with public acceptance of the in- 
herent value of such protection may well 
lessen the toll on the lives and well-being of 
more than 150,000,000 people who use the 
automobile as the common denominator of 
transportation. 
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EARLY SURGICAL TREATMENT OF ABDOMINAL 
INJURIES IN THE TRAFFIC VICTIM 


GROSVENOR T. ROOT, M.D., F.A.C.S., and B. H. CHRISTENSEN, M.D., F.A.C.S., 


Oakland, California 


WITH THE SCARCITY of medical literature in 
a field in which there were over 38,000 
deaths in 1955, we believe it would be of 
interest and importance to review the records 
of patients entering Highland Alameda 
County Hospital, in Oakland, California, 
who were injured in traffic accidents during 
the year 1955. 

Reynolds, Zollinger, and others have 
stressed the importance of proper emergency 
treatment in regard to the various types of 
trauma received by victims of automobile 
accidents. The major portion of our study 
has been confined to the occurrence and 
treatment of abdominal injuries in the 1,988 
cases which were reviewed. 

Figure 1 reveals the consistency in occur- 
rence of traffic injuries received by patients 
who were subsequently taken to Highland 
Alameda County Hospital month after 
month in Oakland, California, with a high 
of 244 in December. Also of interest is the 
sex distribution which was always predom- 
inantly male, and not shown in this graph 
is the fact that the majority of patients were 
under the age of 30 years. 

Figure 2 reveals the manner in which the 
accident occurred, and the auto-auto type 
of collision appears by far to be the major 
source of traffic injuries. In this series, the 
next most common accident was that which 
occurred in a group of 426 pedestrians. 

The great majority of the patients were 
cared for in the emergency department of 
Highland Alameda County Hospital (Fig. 
3) which has facilities for patients to remain 
for a period of observation either overnight 
or for a few days. However, it was necessary 


From the mre ma and Surgical Departments, Highland 
Alameda County Hospital, Oakland, California. 
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to admit 184 patients directly into the hos- 
pital and to send 266 patients to private 
hospitals in the area. 

Table I reveals that by far the most com- 
mon type injury received was that of con- 
tusions and abrasions. Thus the majority of 
accidents were minor ones; however, when 
it was necessary to admit a patient to the 
hospital, or to transfer the patient to a pri- 
vate hospital, serious injuries were present. 
This article shall subsequently be confined 
to those individuals who received abdominal 
injuries, for it is this particular group of 
patients that may benefit by receiving 
earlier abdominal exploration. 

In the entire series, there were only 44 
patients (2.2 per cent) who had any abdom- 
inal symptoms whatsoever. Table II reveals 
that 13 patients had minor abdominal 
symptoms, and in 4 patients the symptoms 
were Classified as moderate. These patients 
were carefully followed and the symptoms 
gradually subsided. Of all the patients who 
received abdominal injuries, 12 underwent 
emergency abdominal exploration, 5 of 
whom expired and 7 lived. The table also 
shows the time of death following the en- 
trance into emergency of those patients upon 
whom abdominal exploration was not car- 
ried out. Obviously, nothing can be done 
medically for those who died at the time of 
the accident, and little criticism may be 
made concerning the patients who were so 
extremely ill that they expired within 1 
hour following the accident. However, vne 
may question the conservative treatmen: of 
the 7 who lived more than 1 hour but ced 
without abdominal exploration, even though 
many of these patients were in shock and all 
were poor operative risks. Table III rev: als 
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the patients who lived more than 1 hour 
from: the time of the accident, but died with- 
out surgical exploration. Little help by ab- 
dominal exploration could have been given 
the third patient. However, even though 
the other 6 patients were extremely poor 
risks, one must constantly keep in mind the 
gradual downhill course as the results of the 
intra-abdominal trauma progressed. 

The findings in the 5 patients who were 
operated upon and expired are shown in 
Table IV. The first 4 patients had extensive 
abdominal injuries which might well be 
termed inoperable, but at least they had the 
benefit of an abdominal surgical exploration. 
The last patient became anuric and was 
transferred to the Oak Knoll Naval Hospital 
for an unsuccessful trial with the artificial 
kidney. 

Those patients who were operated upon 
and lived are shown in Table V. Six of the 7 
patients operated upon who lived had acute 
traumatic abdominal conditions as may be 
noted. The second case recorded in the 
table was of a 50 year old male who had 
been caught between his moving car and 
garage door and who was brought into the 
emergency department with the probable 
diagnosis of a ruptured spleen. Nothing was 
found at the time of operation except con- 
tusion of the abdominal wall. Such negative 


Fic. 2. Types of accidents. 
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explorations will of necessity be encountered 
on occasion if the axiom of early surgical 
exploration is to be carried out. 

Table VI reveals the 45 deaths in this 
series and that of these individuals 20, or 44 
per cent, had abdominal injuries alone or 
associated with an injury to other systems. 


DISCUSSION 


Three factors seem to militate against 
exploration of the abdomen in these un- 
fortunate victims of traffic accidents with 
abdominal injuries. 

Inability to make an accurate diagnosis. As sur- 
geons we tend to be conservative in treating 
patients with acute abdominal findings. 
This is as it should be, and we should ex- 
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TABLE I.—TYPES OF INJURY 


No. of cases 
Contusions and 802 


TABLE II.—PATIENTS WITH ABDOMINAL SYMPTOMS 


No. of cases 

Followed up—did well 
Moderate symptoms 
Operated upon—lived 
Operated 
Lived less than 1 hour 


Total 


> 


TABLE III.—SEVEN PATIENTS WITH ABDOMINAL 
INJURIES NOT OPERATED UPON WHO LIVED 
MORE THAN 1 HOUR 


Date 
Sex Expiring time, 
Age hours Findings 
2-19-55 2 Intrapleural and intra-abdominal hem- 
M orrhage 
34 
2-28-55 7 Fracture left femur with extensive intra- 
M abdominal hemorrhage 
39 
3- 6-55 2% Multiple fractures; chest, abdominal 
M injuries; 1,000 c.c. blood in abdomen 
54 from a retroperitoneal hemorrhage 
5-24-55 30 L. renal hemorrhage; retroperitoneal; 
M ruptured spleen. Always poor condi- 
73 tion 
7-18-55 24 Multiple fractures, renal shutdown, 
M upper L. abdominal tenderness. Died 
23 with huge tear L. diaphragm, dis- 


placement of lungs and mediastinum 
by stomach and intestines 


9- 8-55 4 Always in shock; head injuries; frac- 
M tured forearm; extensive liver lacer- 
26 ation 

12-19-55 2 Always in shock; alcoholism; lacerated 
M liver 
34 


haust all possibilities in making an accurate 
diagnosis. However, patients who are traffic 
victims and suffer abdominal injuries fall 
into a different category. As has been noted, 
only a very few individuals (2.2 per cent) 
had any abdominal symptoms at all. Such 
patients were entirely normal prior to the 
accident and the persistence or progression 
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TABLE IV.—FIVE PATIENTS WITH ABDOMINA.\. IN. 
JURIES WHO WERE OPERATED UPON AND !' IED 


Sex 
Age Time, hours Findings 
2-13-55 4 Extensive liver damage. Died 6 hours 
F after start of surgery 
31 
3-31-55 2% Cardiac arrest, revived. Repaire:! de- 
M fect in stomach and diaphragm, sple- 
17 nectomy, expired close of surgery 
4- 9-55 3 Crushing injury to liver; packed, su- 
M tured, expired during surgery 
35 
7-27-55 2% Stabbed by ornament on front of car, 
M through L. chest, L. diaphragm, 
17 spleen, stomach, pancreas. Died 3 
hours P.O. 
10-31-55 10 Ruptured bladder. Died 1 week P.O. 
M 


Anuria; used artificial kidney at Oak 
31 Knoll 
TABLE V.—SEVEN PATIENTS WITH ABDOMINAL 


INJURIES WHO WERE OPERATED UPON AND 
LIVED 


Date 
Sex 
Age Time, hours Findings 
5-13-55 : Defect anterior wall, cardiac end o 
M stomach and ruptured spleen 
7 
6-12-55 3 Acute tenderness L.U.Q.—rigid. Noth- 
M ing found except hematoma abdom- 
50 inal wall 
7= 1-55 10 Transferred to Veterans’ Hospital. Lac- 
M erated liver 
27 
8-10-55 7% Moderate L.U.Q. tenderness, rigidity. 
F Developed shock; ruptured spleen 
40 
8-13-55 2% Loculated air in mediastinum. Rup- 
M tured spleen 
12- 6-55 14 Fractured pelvis and ruptured bladder 
F 
54 
12-18-55 14 Fractures and ruptured bladder 
F 
21 
TABLE VI.—TOTAL NUMBER OF DEATHS 
Type No. of cases 
Abdominal combined with other systems......... 12 


of abdominal symptoms should demand ‘:n- 
mediate surgical exploration, and delay or 
more accurate diagnosis should not be ‘ie 
rule. 

T he inoperable case. The finding of ‘‘inoy) r- 
able” cases tends to discourage us and ‘0 
make us realize how helpless we are at tir ¢s 
in dealing with an extensive intra-abdomi 1 
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injury. Yet it must be remembered that the 
one cliance for life which such a patient has 
is eariy thorough surgical exploration. 

The involvement of other systems. Such in- 
volvement often results in confusion and 
needless delay. The patient’s condition will 
steadily fail if the results of intra-abdominal 
trauma are allowed to progress. It is in such 
a difficult diagnostic problem that the four 
quadrant abdominal tap, as advocated by 
Byrne and more recently by Lee, may well 
be of particular benefit (when positive) in 
encouraging earlier abdominal exploration. 

Abdominal findings in traffic victims are 
extremely rare, but when they occur are of 
marked significance when one considers that 
44 per cent of the deaths in this series were 
associated with abdominal injuries. 


SUMMARY 


1. A review of 1,988 records of traffic 
victims seen at Highland Alameda County 
Hospital in Oakland, California, in 1955, 
reveals the regularity in occurrence of acci- 
dents month after month predominantly in- 
volving the male younger than 30 years of 


age. The manner in which the accident 
occurred, the subsequent care of the patient, 
and the type of injury have been presented. 

2. Only 2.2 per cent of all patients had any 
abdominal signs or symptoms. The medical 
records of these 44 patients with abdominal 
symptoms were reviewed, with emphasis on 
the 12 patients who underwent abdominal 
exploration, 7 of whom lived and 5 of whom 
died. 

3. There were 45 deaths in the entire series 
and 20 of these, or 44 per cent, were associ- 
ated with abdominal injuries. In order to 
combat this high mortality in traffic victims, 
early thorough abdominal exploration is 
indicated in patients who have abdominal 
symptoms which persist or increase in sever- 
ity, irrespective of the development of signs 
and symptoms which involve other systems. 
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IN OUR RECENT NATION-WIDE SURVEY of over 
1,700 urologists, we gathered reports of 58 
deaths and 64 severe near-fatal accidents due 
to gas embolism following retroperitoneal 
pneumography (5). These accidents occurred 
among an estimated total of 12,000 patients 
who were subjected to this diagnostic pro- 
cedure by the urologists interviewed. That 
the procedure is utilized by other physicians 
who have experienced untoward reactions, 
not included in our figures, is undoubtedly 
the case. 

These results came as a shocking surprise 
in view of repeated reassurance that the pro- 
cedure was safe providing certain precau- 
tions were observed and in view of the mere 
handful of fatalities and severe reactions pre- 
viously reported. 

The presacral route of performing the pro- 
cedure was acclaimed as especially safe, and 
its widespread acceptance resulted. Thus our 
study indicated that 4 times as many presac- 
ral retroperitoneal pneumographic studies 
were performed in the 6 years since its intro- 
duction by Rivas as translumbar perirenal 
procedures in the 35 years since this tech- 
nique was described by Carelli. Our study, 
in fact, corroborated the greater safety of the 
presacral route, with death resulting 24 times 
and nonfatal embolism 33 times compared to 
34 deaths and 31 near-fatal embolisms follow- 
ing the much less frequently used flank route. 
Yet these differences fall short of justifying 
the reputation of safety attributed to the pre- 
sacral method. 

Critical scrutiny of frequently mentioned 
safeguards in performing retroperitoneal 
pneumography reveals that some are entirely 
erroneous, some are dangerously misleading, 
and some are only partially effective. Our 
From The Memorial Hospital, Danville, Virginia. 
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study has convinced us that the most meticu- 
lous technique, as carried out by almost all 
our correspondents until now, cannot make 
this diagnostic procedure a safe one. The fol- 
lowing are the most commonly mentioned 
“precautions” and our criticisms of them: 

1. The procedure should not be used in the 
presence of highly vascular retroperitoneal 
tumors. It is of course hardly possible to de- 
termine beforehand the vascularity of the 
undiagnosed retroperitoneal lesion for which 
the procedure is being carried out. A great 
many, if not most, retroperitoneal tumors 
are highly vascular. 

2. The needle should be guided into posi- 
tion with a finger in the rectum to assure 
proper positioning and to prevent entry of 
the needle into the rectum. Rectal palpation, 
to make sure that the needle has not changed 
position, should be frequently carried out. 
Since most operators are right handed, this 
maneuver requires that the patient be either 
in the right lateral decubitus position (the 
most unfavorable, should gas embolism oc- 
cur) or in the knee-chest position which re- 
sults in a lowering of the pressure in the pelvic 
veins to approximately zero or even a nega- 
tive pressure. Should a vein be lacerated ina 
patient in the knee-chest position, the injected 
gas could easily be sucked into the vein. 

3. If blood is aspirated upon positioning 
the needle, it should be repositioned. In 2 of 
the deaths reported in our survey just ‘his 
occurred. It was believed that the gas en- 
tered the previously produced rent and 1/1us 
produced fatal embolism. 

In another instance the tear in the \-in 
found at autopsy, through which the [tal 
gas embolus found entry into the bliod 
stream, was at a distance above the hig! «st 
point reached by the needle. The vein \.as 
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torn .s the tissue spaces were separated by 
the increasing volume of gas. No precaution 
could have prevented or avoided this mishap. 

4. !he gas should be introduced at a con- 
trolled low pressure. Since the venous pres- 
sure in the abdominal and pelvic veins is very 
low and is even at a negative pressure in cer- 
tain positions, it does not require a very high 
pressure for the injected gas to enter a lacer- 
ated vein. It could easily occur at the mano- 
metrically controlled pressures in common 
use. 

5. Oxygen is a far safer gas to use than air 
since it is more soluble and rapidly picked up 
by the blood and metabolized. This miscon- 
ception was held by a very large number of 
the urologists we canvassed. The same mis- 
conception was held by those using helium. 
The fact is that oxygen is only negligibly 
more soluble than air while helium is far less 
soluble than air. As far back as 1934, Harkins 
and Harmon irrefutably demonstrated that 
gas embolism by oxygen is no less likely or 
lethal than that by air. The same fact was 
demonstrated by Moore and Braselton. In 
our group, the number of deaths and non- 
fatal reactions caused by oxygen was not pro- 
portionately less than among the group in 
which air was used. 

6. Should symptoms of gas embolism oc- 
cur, the patient should be placed in the left 
lateral decubitus position. This precaution is 
well established. Five of our correspondents 
considered this maneuver lifesaving in in- 
stances of near-fatal gas embolism. Never- 
theless, 2 patients exhibited their first signs 
of air embolism and went on to die while be- 
ing turned upon the left side. 

With these sobering thoughts as_ back- 
ground, very reluctantly, we were about to 
abandon the procedure when we learned 
about the fascinating studies of Stauffer, 
Dur::nt, and Oppenheimer. These workers 
fron, Temple University injected 100 per 
cen' carbon dioxide gas intravenously in 
and subsequently in humans in rela- 
tive y huge amounts for the purpose of ob- 
tainng roentgenograms of the cardiac 
cha ibers. By rapid exposures they could fol- 
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Fic. 1. Equipment for bilateral presacral carbon diox- 
ide insufflation: a, from source of carbon dioxide; 4, 
syringe and 3 way stopcock; c, T tube; d, hypodermic 
needle (25 gauge) connected to polyethylene tubing; e, 
polyethylene tubing 0.037 inch in external diameter; /, 
Tuohy needle and obturator. 


low the course of the intravenously injected 
carbon dioxide, which served as a contrast 
medium, as it successively filled the right 
auricle, the right ventricle, and the pulmo- 
nary artery. The gas then appeared to dissi- 
pate as it went into solution. As much as 150 
cubic centimeters of the gas were injected in- 
travenously in 1 second without giving rise 
to the slightest sign of gas embolism. These 
workers attributed the innocuousness of the 
procedure to the solubility of carbon dioxide 
—20 times that of oxygen at body tem- 
perature. 

We then made a search of the literature 
for corroboration of their findings. The work 
of others confirmed their conclusions. In 
1940, Moore and Braselton injected carbon 
dioxide into the pulmonary vein of dogs. 
Under direct vision, they saw the gas course 
into the left auricle, thence into the left ven- 
tricle and aorta. The gas then entered the 
coronary arteries and disappeared into solu- 
tion, as though by magic, without producing 
any ill-effect or change in the appearance of 
the myocardium. When air was used, the 
bubbles were seen coursing through the cor- 
onary vessels, the myocardium became cya- 
notic, and sudden death resulted. 
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Fic. 2. Polyethylene tubing (a) in presacral space on 
both sides of midline, connected by snugly fitting 25 
gauge hypodermic needles to T tube coming from carbon 
dioxide source (6). 


A final impressive piece of evidence point- 
ing to the safety of carbon dioxide when in- 
advertently injected intravenously is pre- 
sented by the experience of gynecologists per- 
forming hysterosalpingography with carbon 
dioxide as the contrast medium. The tech- 
nique consists of forcing the gas through the 
cervical os, uterine cavity, and fallopian 
tubes into the pelvic peritoneal cavity where 
it acts as a contrast medium for roentgeno- 
graphic visualization of the pelvic structures. 
Carbon dioxide was chosen, not only be- 
cause of its safety, but because it was rapidly 
absorbed from the peritoneal cavity, and 
thus cut short the period of peritoneal and 
referred pain. The gas is introduced at a 
pressure of 40 to 80 millimeters of mercury 
and in a volume of about 1,000 cubic centi- 
meters. It is observed, not uncommonly, that 
the gas enters the pelvic veins and the x-ray 
films show large quantities of the gas outlin- 
ing the uterine and iliac veins and the vena 
cava. No untoward reaction accompanies 


these occurrences. There is no doubt tha: the 


presence of enough gas in the iliac veins ind - 


vena cava to outline them in x-ray | lms 
would have been frequently associated with 
sudden death had the gas been air, oxy::en, 
or helium. 

Having convinced ourselves that carbon 
dioxide was undoubtedly the safest agent, 
the question arose as to why this gas, which 
was used by the originators of retroperitoneal 
pneumography, had subsequently been all 
but discarded. The answer was not long in 
forthcoming. In the first few cases, injecting 
the gas while the patient lay on his side, we 
found that the gas went into solution in the 
body fluids so rapidly that the customary 
volume failed to reach the perinephric space. 
When 2 or 3 times the usual volume of gas 
was injected, a surprisingly small amount 
of it appeared in the perirenal space and 
almost none of it crossed to the opposite side 
despite repositioning of the patient after in- 
jecting the gas. Having the patient sit up im- 
mediately after completion of the injection 
resulted in somewhat more gas finding its 
way to the perinephric space but almost in- 
variably only to that side of the midline on 
which the needle was inserted. 

It then occurred to us that injecting the 
gas while the patient was in the upright posi- 
tion might result in an increased volume of 
gas reaching the perinephric space. Of course 
this could not be done while a needle lay in 
the presacral space. ‘Therefore, with the pa- 
tient in the knee-chest position, a Tuohy 
needle was inserted in the presacral space. 
The lateral eye of the needle was directed 
posteriorly, i.e., toward the sacrum, an ::p- 
propriately sized polyethylene tube was 
passed through it into the presacral sp..ce 
and the needle removed and the polyet! yl- 
ene tube left in place. The tube was tayed 
to the skin, the patient placed in the e:°ct 
position leaning forward with his legs rest ng 
over the side of the x-ray table. The car! on 
dioxide was then injected by means of a 50 
cubic centimeter syringe connected by v 1y 
of a 3 way stopcock and an inflatable la °x 
gas bag to a tank of 100 per cent car! on 
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Fic. 3. a, Fifteen minutes after injection of 600 cubic centimeters of carbon dioxide on each side. 
b, Two hours later, note rapid resorption of carbon dioxide. 


dioxide gas. About 1,500 cubic centimeters 
were injected in 20 minutes. Excellent films 
resulted—but limited to the side of the mid- 
line into which the tube was inserted. Some 
gas crossed over, but never enough to give 
satisfactory visualization. 

We then introduced polyethylene tubes 
presacrally on both sides of the midline. 
These were connected to a single injecting 
syringe by way of a latex T-tube connection. 
The gas was injected at the rate of about 100 
cubic centimeters per minute and directed to 
one side or the other by alternately clamping 
off one or the other of the limbs of the T tub- 
ing. With 500 to 1,000 cubic centimeters in- 
jected on each side, very adequate perirenal 
anc suprarenal accumulation of gas was 
obt iined. 

1 nough of these procedures have not as yet 

1 performed to be certain of the optimum 
in: to take films; but we believe that the best 
in »is 5 to 10 minutes after completing the 

ation. However, good accumulation of 
ga .s present for several hours. 


We have performed presacral retroperito- 
neal pneumography using carbon dioxide 18 
times during the past 12 months. The first 4 
cases in which the gas was used while the pa- 
tient was recumbent throughout the proce- 
dure resulted in completely inadequate 
studies. The next 4 cases in which the pa- 
tients sat upright immediately after the gas 
was injected resulted in better but still poor 
studies. The next 4 cases, in which the gas 
was injected through a single polyethylene 
catheter while the patient was in the erect 
position resulted in excellent films but visu- 
alization was almost completely limited to 
one side. The remaining 6 studies performed 
by the technique described resulted in 4 ex- 
cellent studies with gas distributed exactly as 
we wished it bilaterally in equal amounts. In 
1 case, although the gas was injected bilater- 
ally, it failed to outline one side but this was 
found at operation to be caused by oblitera- 
tion of the retroperitoneal space by an old 
chronic inflammatory process. The other un- 
satisfactory study was due to faulty technique 


a b 
- 
n 
2 
> 
4 
| 


in which the polyethylene tubes were in- 
serted too far posteriorly. Good studies re- 
quire that the tube be inserted through a 
needle that can be easily palpated rectally, 
and, in our opinion, the gas must be injected 
inside of the fascia propria of the rectum. 

It was difficult to understand how such a 
soluble gas would remain for such a long 
time. The explanation, supplied by Oppen- 
heimer and Stauffer, is that rapid molecular 
equilibration occurs because of the difference 
in partial pressures of the gases in the tissues 
and in the injected bolus of carbon dioxide, 
resulting in replacement of the carbon diox- 
ide by nitrogen and oxygen in the propor- 
tion that they are found in the tissues. ‘This 
replacement, though rapid, poses no danger 
of delayed gas embolism. 

The use of polyethylene tubing in the pre- 
sacral space permits one to reinject one or 
both sides again after seeing the films. The 
tubes can be left in place until one is satisfied 
that the films are adequate. 

There are two important factors of safety 
inherent in our method of inserting the 
needle and tubing while the patient is in the 
knee-chest position and of injecting the gas 
while the patient is in the erect position. In 
the knee-chest position, the pelvic veins are 
at a higher level than the right auricle. This 
results in a fall in pressure in these veins, 
probably to a negative value and in their col- 
lapse, just as the veins of the hand are seen to 
collapse as the hand is lifted above the level 
of the heart. In the lateral decubitus position, 
the venous pressure in the pelvic veins ex- 
ceeds that of the right auricle and they are 
therefore distended. There is decidedly less 
chance of entering the collapsed veins of the 
patient in the knee-chest position than the 
distended veins of the patient in lateral 
decubitus. Upon placing the patient in the 
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erect position in order to inject the gas, tiiere 
is a sharp rise in pressure in the perirectal 
veins to as much as 70 or 80 centimeters of 
saline (the height of a column of blood be- 
tween the right auricle and the perirectal 
veins plus the standard venous pressure). 
Therefore, it would require injection of the 
gas above this considerable pressure for it to 
enter a lacerated pelvic vein. On the other 
hand, the venous pressure in the pelvis is very 
low or even negative when the patient is in 
the lateral decubitus or knee-chest position; 
and a gas injected even under very low pres- 
sure could easily find its way into a lacerated 
vein. 


SUMMARY AND CONCLUSIONS 


Retroperitoneal pneumography by both 
the flank route and presacral route is hazard- 
ous when air, oxygen, or helium is used. 
The presacral route, however, is safer than 
the flank route. 

Carbon dioxide is the only safe gas for this 
procedure. Its rapid solubility requires a 
special technique for its introduction by the 
presacral route, which is presented. 


REFERENCES 


1. Carewut, H. H., and E. Induced emphy- 
sema for exploring kidney. Rev. As. med. argent., 
1921, 34: 424. 

2. Harkins, H. N., and Harmon, P. H. Embolism by air 
and oxygen: comparative studies. Proc. Soc. Exp. 
Biol., N. Y., 1934, 32: 178 

3. Moore, R. M., and BrasE.ton, C. W., Jr. Injections 
of air and of carbon dioxide into the pulmonary vein. 
Ann. Surg., 1940, 112: 212. 

4. OppENHEIMER, M. J:, and Staurrer, H. M. Personal 
communication. 

5. Ransom, C. L., LAnpes, R. R., and McLELianp, R. 
Air embolism following retroperitoneal pneumovra- 
phy: a nation-wide survey. J. Urol., Balt., 1956, 76: 
664-670. 

6. Rivas, M. R. Roentgenological diagnosis, generalized 
subserous emphysema through a single puncture. \m. 
J. Roentg., 1950, 64: 723. 

H. M., Durant, T. M., and Opven- 
HEIMER, M. J. Gas embolism. Radiology, 1956, 66: 

86. 


| TH 
EDW 

| Iowa 
| ART 
| | num 
| grou 
‘ too 
| The 
pap 
seru 
all 
are 
com 
tion 
| | dro: 
wwe 
syn 
| 
trol 
“pr 
| or | 
eno 
| gro 
tair 
to 
tre 
see 
| wh 
| vat 
| ) tio: 
the 

of 
tric 

| an 
ch; 
| for 
col 
F 
Lat 


THE IMPLICATIONS OF ABNORMAL 
SODIUM CONCENTRATION 


EDWARD E. MASON, M.D., Ph.D., F.A.C.S., and ROBERT L. DRYER, Ph.D., 


Towa City, Iowa 


ArtTicLEs have been written in increasing 
numbers during the last 15 years about 
groups of patients having either too high or 
too low a concentration of serum sodium. 
The patients selected for discussion in these 
papers are often categorized by a single 
clinical status other than concentration of 
serum sodium. Sometimes the patients are 
all postoperative, all have brain disease, all 
are infants, or all have something else in 
common besides the abnormal concentra- 
tion of sodium. Sometimes a specific syn- 
drome is postulated and given a descriptive 
identification such as: “‘low salt syndrome,” 
“water intoxication,’ “sodium dilution 
syndrome,” ‘asymptomatic hyponatremia,” 
“symptomless hypotonicity,” ‘“‘hyperelec- 
trolytemia,”’ “neurogenic hypernatremia,” 
“primary desiccation,” ‘‘hypernatremia,” 
or “primary hypernatremia without exog- 
enous dehydration.” This selection of 
groups of patients having in common cer- 
tain symptom complexes may contribute 
to our insight concerning the etiology and 
treatment, but the categorization often 
seems a strained effort toward originality 
where basic rules already cover the obser- 
vations made. 

The interpretation of sodium concentra- 
tion seems to involve only two basic rules, 
the rule of electrical neutrality and the rule 
of osmotic equilibrium. The rule of elec- 
trical neutrality states that there are always 
an equal number of positive and negative 
charges in an electrolyte solution. There- 
fore, as the only cation present in sufficient 
concentration to influence osmotic pressure, 
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sodium is also an index of the total anion 
concentration and the total electrolyte con- 
centration. 

The second fundamental is the rule of 
osmotic equilibrium. Water moves freely 
across cell membranes, in accordance with 
the theories of Donnan, maintaining an 
equilibrium of tonicity throughout the total 
body water. Thus the concentration of se- 
rum sodium also serves as an index of intra- 
cellular tonicity as well as the tonicity of 
extracellular water from which it is meas- 
ured. The concentration of serum sodium 
per se gives no certain information about 
volume, chemical composition, or acid-base 
balance. It is only an index of the reciprocal 
relationship between total body water and 
total body electrolyte. Peters stated the 
problem clearly by an ‘“‘equation 

Volume of E Osmotic pressure E_({Na] [K]) E 
Volume of I “Osmotic pressure I “({Na] [K]) I 
in which E and I represent extracellular 
and intracellular fluids respectively ... the 
chief variable among these is the sodium of 
the extracellular fluid, which is, therefore, 
the principal determinant of the relative 
volume of the intracellular fluid. When the 
concentration of sodium falls, the cells take 
up water and swell. When the concentra- 
tion of sodium rises, the cells give up water 
and contract.” Peters concluded by saying 
that “measurement of sodium should be 
more generally practiced as soon as simple 
and practical flame photometers become 
available.” At the present time, sodium an- 
alysis is recognized as a starting point for 
clinical investigation of electrolyte abnor- 
malities and Peters’ postulates appear to 

have been well founded. 
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Fic. 1. Age distribution. 


Tonicity is only part of a complete esti- 
mate of a patient’s fluid and electrolyte bal- 
ance. A complete estimate should include 
statements about (1) the volume and dis- 
tribution of body fluid, (2) chemical com- 
position, and (3) acid-base balance. Under- 
standing of sodium concentration in terms 
of tonicity is the keystone of this tripartite 
estimate. The estimation of tonicity is at the 
present made from the serum sodium con- 
centration. However, when available, the 
direct determination of tonicity by freezing 
point depression is preferable. Chloride con- 
centration and carbon dioxide content can- 
not be interpreted accurately until the 
tonicity has been evaluated. 

For the present article, 61 relatively un- 
selected patients with abnormal serum so- 
dium concentration have been studied with 
the following objectives: (1) to determine 
what etiologic factors exist and their rela- 
tive frequency; (2) to learn what types of 
associated abnormalities of fluid and elec- 
trolyte balance exist; (3) to apply the rules 
of electrical neutrality and osmotic equilib- 
rium to simplify the diagnosis and treat- 
ment of patients who have water or elec- 
trolyte imbalance. 

The records of the University of Iowa 
Hospital Clinical Biochemistry Laboratory 
were reviewed. It was found that approxi- 
mately 300 sets of determinations of sodium, 
potassium, carbon dioxide, and chloride 
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were being made each month. Eleven per 
cent of these included a serum sodium that 
was either below 130 or above 150 milli- 
equivalents per liter. According to the law 
of electrical neutrality there should be a 
constant relationship between sodium con- 
centration and total anion concentration. It 
was decided that a ratio of serum sodium 
concentration to serum chloride plus bi- 
carbonate concentration of 1.076 would be 
considered normal and that any ratio below 
1.038 would be considered improbable and 
indicative of laboratory error.! Since labora- 
tory error is one cause of apparently abnor- 
mal serum sodium levels, these patients 
were included in the consecutive cases which 
were selected for study. Any sodium value 
outside the range of 130 to 150 milliequiva- 
lents per liter was defined as sufficiently ab- 
normal to allow inclusion of the patient in 
this study. Charts of these patients were ab- 
stracted using a protocol which included an 
intake-output record, space for diagnosis of 
underlying disease, pertinent history, physi- 
cal findings, and laboratory data, necessary 
to make a complete chemical diagnosis as 
defined before. All information, including 
the effect of treatment, was gathered with 
the object of explaining the single most ab- 
normal serum sodium concentration in the 
patient’s record. In addition, specific ques- 
tions were asked regarding the possible or 
probable presence or absence of 10 factors 
potentially etiologic in the production of the 
observed abnormal sodium. Each case was 
analyzed by a fourth year medical student 
and then discussed with and reviewed by 
the authors. The data were codified and 
transferred to sorting cards and finally cer- 
tain graphic analyses were made. 


FINDINGS 


The distribution of cases on the various 
hospital services by per cent of cases studied 
was as follows: medicine 45, surgery 30, 


1The figure 1.076 represents the ratio of a normal sodium of 
140 mEq./I. divided by a serum chloride of 103 plus a COz 
content of 27 mEq./I. or 140:130; 1.038 is aratio such as would 
exist with 140 mEq./l. sodium and 135 mEq./l. of measured 
anions. 
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pediatrics 14, urology 10, and gynecology 1. 
The ratio of male patients to female pa- 
tients was 1.7 to 1. The age distribution is 
shown in Figure 1. Abnormal sodium con- 
centrations occurred most commonly before 
the age of 18 months and after the age of 45 
years. Notice in Figure 1 that the infants ob- 
served had only the problem of an abnor- 
mally high sodium. The patients with low 
sodium concentration between ages 9 and 
35 years had either chronic glomerulone- 
phritis (2 patients aged 9 and 19) or Kim- 
melstiel-Wilson’s disease. The patients with 
high serum sodium concentration included 
a 21 year old patient who was comatose 
following craniotomy for brain tumor. This 
patient was also pregnant and bleeding 
from a duodenal ulcer. The 24 year old pa- 
tient had a purulent meningitis, coma, and 
diabetes with ketonuria. The 34 year old pa- 
tient with a high sodium had malignant 
hypertension and a blood urea nitrogen of 
153 milligrams per 100 milliliters. The di- 
agnoses will not be itemized for the other 
patients but these patients as a group were 
unusually ill, as is indicated by the fact that 
54 per cent died. Many of the patients who 
were discharged still had the same chronic 
illness responsible for their hospitalization. 

Figure 2 shows the distribution of pa- 
tients with high serum sodium concentra- 
tions (dark bars) and patients with low 
serum sodium concentrations (light bars) 
according to the day of hospitalization when 
the most abnormal sodium was observed. 
The highest incidence of abnormally ele- 
vated sodium concentrations was on the day 
of admission. Most of the pediatric patients 
are represented in this bar. Low sodium 
concentrations occur more frequently dur- 
ing hospitalization. Either abnormality can 
be seen at any time. 

Figure 3 summarizes the observed inci- 
dence of selected potential etiologic factors. 
There were 9 instances in which a question 
of laboratory error existed. Of the remain- 
ing 52 patients the ratio of abnormally high 
sodium to low sodium cases was 2.25. There 
were 6 patients who had only 1 etiologic 
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Fic. 2. Day of hospitalization when most abnormal 
sodium was observed. 


factor. There were some seriously ill pa- 
tients who had as many as 8 etiologic fac- 
tors. The average patient had 3 potential 
causes contributing to the abnormal sodium 
concentration. The most common factors 
were gastrointestinal malfunction, present 
in 29 patients, and coma, which was present 
in 28 cases. With coma the ratio of high so- 
dium cases to low sodium cases was higher 
than the ratio for the total group, while in 
the patients with some abnormality of gas- 
trointestinal function there was a lower ratio 
than for the total group. In the group of pa- 
tients with abnormal gastrointestinal func- 
tion 17 were vomiting prior to the most ab- 
normal sodium, and 10 had been having 
diarrhea. ‘T'wo of these patients had gastro- 
intestinal bleeding as their chief problem. 
Two had peritoneal abscesses. Five had 
some form of gastrointestinal obstruction. 
The average patient with gastrointestinal 
malfunction had 2 additional factors, the 
most common association being a significant 
loss of electrolyte-containing fluid from the 
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Fic. 3. Etiology of deviation in tonicity in 61 cases. 
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body and impairment of renal function. In 
a number of patients with vomiting the 
basic disease process was renal. 

The overlapping of potential etiologic 
factors makes it hazardous to assign priority 
or degree of importance to individual factors. 
Patients with impairment of renal function 
tended to have an abnormally low sodium 
concentration more often than the total 
group. This tendency is also seen in the 
cases in which review of the intake-output 
records seemed to reveal inappropriate ther- 
apy. Either an excessive amount of non- 
electrolyte solution had been given or fluid 
loss, which should have been replaced with 
electrolyte solution, was replaced with non- 
electrolyte fluid. This group probably would 
have been larger if complete intake-output 
records had been available on all patients. 
The mere presence of an abnormal serum 
sodium concentration in a patient under 
treatment was not accepted as proof of in- 
appropriate therapy in this analysis. Liver 
disease was seen in only 3 of these patients 
but was the primary disease process when 
present. In the analysis of endocrine factors 
only those patients who had specific diag- 
noses of endocrine disease were included. 
There has been much emphasis on stress as 
a potential cause of altered relationships be- 
tween total body water and total body 
electrolyte, especially in the postoperative 
patient. Although this concept might permit 
inclusion of patients who had undergone 
recent operative procedures in the group 
with altered endocrine function, postopera- 
tive patients were classified separately be- 
cause the average elapsed time between the 
operative procedure and the day of the most 
abnormal sodium was found to be 17 days 
in the 14 patients whose most abnormal 
sodium value followed an operative pro- 
cedure. There was 1 patient whose abnormal 
low serum sodium concentration occurred 
on the first postoperative day, and it was 
apparent that an excess of nonelectrolyte 
solution had been given. The oliguria pres- 
ent could have been due to an increase in 
antidiuretic hormone and part of an “alarm 
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reaction” but the hypotonicity certainly 
would not have occurred if the patient had 
received no intravenous fluid beyond his 
requirement for insensible loss and a small 
amount of urine. There were 2 additional 
postoperative patients whose sodium values 
were 121 and 154 milliequivalents per liter 
on the fifth and on the sixth days respectively. 
In both instances there was adequate ex- 
planation for the abnormality without call- 
ing upon the adrenal or other unlisted fac- 
tors. Although endocrine functional changes 
are important in explaining the response of 
patients to surgery, they do not appear to be 
prominent etiologic factors in the unselected 
series under study. The specific endocrine 
disease that was observed was diabetes in 
all but 2 patients. Four of these diabetic 
patients had albuminuria, elevated blood 
pressure, and other associated findings which 
supported a diagnosis of probable Kimmel- 
stiel-Wilson’s disease. Five of the diabetic 
patients were uremic. One patient had 
myxedema and 1 had been on prolonged 
cortisone therapy and was psychotic, mal- 
nourished, and osteoporotic. There were 11 
patients with cardiac failure and these same 
patients were on a restricted sodium diet. 
Review of the miscellaneous factors reveals 
only rather ill-defined items which might be 
summarized by saying that they were indic- 
ative only of serious illness. If there were any 
patients with specific lesions which are pecul- 
iarly and primarily a cause of abnormal 
osmotic pressure they would have been in- 
cluded in the miscellaneous group provided 
they were recognized. There was 1 ambula- 
tory patient admitted to the neurology serv- 
ice with a diagnosis of chronic posttrau- 
matic brain disease who had a serum sodium 
of 151 milliequivalents per liter. He had a 
respiratory rate of 19 to 20 per minute and 
associated chemical abnormalities which 
could represent a metabolic hyperchloremic 
acidosis secondary to a respiratory alkalosis. 
Only one set of chemical analyses is available 
and no information about renal function or 
other factors which might have been of im- 
portance. There were 3 neurosurgical pa- 
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tients who were not included in the miscel- 
laneous group as having specific and causal 
central nervous system lesions because their 
abnormal sodiums could be easily explained 
on the basis of coma, abnormal renal func- 
tion, type of fluids received, and others of 
the specified factors. 

Figure 4 shows the observed relationship 
between measured anions and serum sodium. 
On the hypothesis that any change in con- 
centration in sodium represents a relative 
change in the volume of water, which would 
affect all ions equally, theoretic lines were 
plotted for normal total anion concentra- 
tion, chloride plus carbon dioxide content, 
and carbon dioxide content alone, at various 
serum sodium concentrations. An inverted 
bar graph shows values considered normal, 
from which the theoretic relationships were 
determined. Distribution of data for the 61 
cases is shown. The cases considered as show- 
ing laboratory error are included. Any point 
falling above the theoretic line for chloride 
plus carbon dioxide content is suspect since 
it would necessitate an actual decrease in 
unmeasured anions. The latter anions are 
normally so low in concentration that they 
cannot decrease significantly. Unmeasured 
anions can increase, however, at the expense 
of a reduction in chloride or bicarbonate, or 
both. Laboratory errors which would cause 
the clinician to suspect an increase in some 
unmeasured anion are difficult to identify. 
Suspicion of laboratory error should rise, 
however, when there is no associated ure- 
mia, ketosis, severe sepsis, or other abnor- 
mality which might be associated with an 
elevation in organic acids, phosphates, or 
other unmeasured anions. There is a tend- 
ency for the patients with the most abnormal 
sodium concentrations to have abnormally 
low concentrations of measured anions. This 
same generalization is even more evident 
when applied to carbon dioxide content 
alone. The deviation of observed carbon 
dioxide content from the theoretic appears 
to be similar in the patients with low sodium 
concentrations and in those with high so- 
dium concentrations. The predominant pat- 
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Fic. 4. A standard inverted bar graph is shown to illus- 
trate the way in which the 3 theoretic lines were drawn. 
If all ions are diluted to the same degree by variation in 
body water content, then the lines are simply extensions 
representing normal expected values of total anion, bi- 
carbonate plus chloride, and bicarbonate alone. Our 
laboratory determines carbon dioxide content and this is 
what is used rather than combining power. For pur- 
poses of graphic analysis it is plotted as bicarbonate. 


tern is one of lowered carbon dioxide con- 
tent. There are a few patients with abnor- 
mally high and a few with abnormally low 
serum sodium concentrations who have an 
elevated carbon dioxide content. The actual 
pu is not discernible from Figure 4. Study 
of the individual cases usually allows a deci- 
sion to be made as to whether the patient’s 
disease represented a primary abnormality 
of ventilation. There were 5 such patients. 
Two had pulmonary emphysema. One pa- 
tient with posttraumatic encephalopathy 
was discussed in the foregoing. One patient 
had severe pneumonia as the only disease 
process, and 1 patient had cirrhosis and was 
hyperventilating and comatose. In this in- 
stance the arterial pH was 7.5. There was 
only 1 patient with a metabolic alkalosis, 
and this was due to vomiting and hypo- 
chloremia. The majority of abnormal carbon 
dioxide contents observed in the presence of 
abnormal sodium concentrations were due 
to primary metabolic acidosis. There seemed 
to be the expected dilution of carbon dioxide 
content due to the relative amount of water 
present but because other factors were more 
dominant this relationship seemed to be 
somewhat obscured. 
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serum potassium concentration and serum sodium con- 
centration. 


Figure 5 shows another ion that is present 
in even lower concentrations than bicarbon- 
ate and shows no apparent relationship to 
serum sodium concentration. If the patient 
is so ill that a marked disproportion exists 
between total body water and total body 
electrolyte then the potassium concentration 
is usually disturbed but the actual deviation 
is dependent upon other factors than tonicity. 

There are a few nonelectrolyte substances 
that influence tonicity even though they do 
not directly influence the relationships ob- 
served between measured anions and sodium. 
Figure 6 shows data from 20 of the patients 
in the series who were uremic. It is appar- 
ent that high levels of urea are associated 
with electrolyte dilution and that an exces- 
sively high concentration of electrolytes is 
usually not associated with a high concen- 
tration of urea. The one point which seems 
exceptional represents a patient who was in 
the terminal stages of malignant hyperten- 
sion, whose blood urea nitrogen level rose to 
150 milligrams per 100 milliliters in 3 days. 
The values shown for this patient came from 
a serum sample drawn just before death. 
This patient had the most severe elevation 
of tonicity observed. 
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The bedside estimate of a patient’s fluid 
volume is crude even when the clinician is 
specifically looking for the historical and 
physical facts that are applicable. In 30 per 
cent of these patients no estimate of volume 
had been made or could be made after re- 
view of the hospital chart. In 48 per cent of 
patients there appeared to be an inverse 
relationship between the estimate of hydra- 
tion and the sodium concentration. In only 
3 patients were extracellular fluid volume 
and tonicity both considered to be low. 
There were no recognized instances in 
which hypertonicity was present in a patient 
with an abnormally high extracellular fluid 
volume. In 15 per cent of patients the extra- 
cellular fluid volume was thought to be 
normal. 


DISCUSSION 


These patients were selected for study not 
simply because they were out of balance but 
because the imbalance of fluid was dispro- 
portionate to the imbalance of electrolytes. 
Whether there was relatively too much or 
too little water to go with the solutes present, 
the etiology was often the same. In all in- 
stances there were both internal and external 
factors. Internal factors such as malfunction 
of bowel, kidney, liver, brain, and heart 
may interfere with water and solute ex- 
change between a patient and his environ- 
ment. At the same time relatives and physi- 
cians, as responsible members of the patient’s 
external environment, may fail to recognize 
and to supply the patient’s needs. Dispro- 
portions between fluid balance and electro- 
lyte balance are observed most often in 
patients at the extremes of age and in the 
seriously ill. Whether the patient’s water 
balance is positive or negative in relation to 
his electrolyte balance often depends solely on 
whether the external error is one of neglect or 
overhydration. It cannot be denied that 
under optimum circumstances the most seri- 
ously ill patient will be better off if main- 
tained in balance. Forcing of water intake 
or the restriction of salt must not be carried 
to the point of a serious disproportion of 
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total body water and total body electrolyte. 
The finding of this disproportion usually 
marks a sudden turning point in the think- 
ing of the physician in charge, if the patient 
has been under treatment. Carefully kept 
records showing how the abnormality came 
about are frequently not available. This fact 
does not preclude proper treatment. Even 
though death seems inevitable because of the 
underlying disease, there may be an advan- 
tage to having the patient in balance. Proper 
maintenance or restoration of normal body 
water and solute content may make the 
difference between success and failure. Some- 
times a choice has to be made between 
allowing the patient to die from uremia and 
having him die with a little less uremia but 
with pulmonary edema in addition. Such a 
patient’s problems extend far beyond fluid 
and electrolyte balance. Such patients are 
often hospitalized on medical wards because 
of the nature of their underlying disease. It 
is significant that the pediatricians, who as 
a group have been thinking about fluid 
therapy longer and harder than most other 
members of the medical profession, seem to 
observe their cases of abnormal sodium con- 
centration on the day of admission or within 
the first few days of hospitalization. Abnor- 
malities of sodium concentration rarely 
develop while their patients are hospitalized. 
It is also encouraging that there was only 1 
patient with relatively too much water in 
the early postoperative period. Surgeons 
have learned that too much nonelectrolyte 
solution is just as harmful as the liters of 
saline that were in use 15 to 20 years ago. 
Welt and associates have reviewed the 
role of the central nervous system in metab- 
olism of electrolytes and water and observe 
that, “the commonest of these disorders, 
loss of consciousness, places the problems of 
fluid balance completely at the mercy of the 
physician. The simple failure to provide an 
appropriate amount of water or salt may 
readily jeopardize the ultimate recovery 
from an illness of which the loss of con- 
sciousness is only one of the symptoms.” 
The findings in the present study support 
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Fic. 6. Patients with abnormal serum sodium concen- 
tration and uremia. 


the validity of this statement. There is, at 
the bedside, danger in being too intrigued 
with defining the cause, and not sufficiently 
concerned with the correction, of an abnor- 
mal relationship between total body water 
and total body solute. Because a patient has 
a lesion in the central nervous system does 
not mean that his osmoreceptors (still hypo- 
thetical cells though very popular in current 
literature) have ceased to function or have 
been ‘‘set at a new level.” The physician in 
charge should recognize that the comatose 
patient is not dependent on some as yet un- 
identified osmostat, but he is absolutely de- 
pendent on the proper thinking of those 
ordering the fluid therapy. If the serum 
sodium concentration is abnormal by 15 
per cent, a 15 per cent change in total body 
water content is required to restore the so- 
dium concentration to normal. In a 132 
pound man this would mean a 6 liter volume 
change just to restore normal tonicity. The 
fact that daily requirements are met and 
current losses replaced and that the patient 
continues to put out a liter of urine a day 
does not mean that his abnormal tonicity is 
part of a new balance which the patient’s 
homeostatic mechanisms are maintaining 
and which the physician should simply 
accept and explain as a new syndrome. The 
physician should consider giving even more 
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water if the tonicity is high. Diabetes insipidus 
may be present even though the urine is not 
alarmingly voluminous, especially if the pa- 
tient is hypertonic or on a high protein diet. 
It is not uncommon for a patient who has 
had major surgery, blood loss, hypotension, 
blood transfusions, water imbalance, or 
electrolyte imbalance to have damaged kid- 
neys with a reduction in number of func- 
tioning nephrons. Such a patient may pro- 
duce a liter of urine a day regardless of his 
tonicity or extracellular fluid volume. If he 
is also comatose his osmostat resides in his 
physician’s head. The postoperative patient 
produces increased amounts of aldosterone 
and antidiuretic hormone and his water and 
salt tolerance is reduced. He will not develop 
imbalance solely because of this. He is more 
dependent upon his physician’s knowledge. 

Reference is frequently made to the paper 
of Leutcher and Blackman of renal causes 
for hypertonicity. Careful review of the 
original paper reveals that 5 patients were 
described, all of whom were seriously ill 
following sulfonamide therapy. Intake and 
output records for the period during which 
the hypertonicity developed are not men- 
tioned. As is so often the case, these patients 
were suddenly found to be hypertonic but 
there was no detailed information regarding 
the sequence of gains and losses leading to 
that state. They had been vomiting, were 
comatose, or had other extrarenal derange- 
ments which could have contributed to the 
disturbance in the relationship between fluid 
and solute balance. Most of these patients 
did not have urine measured or analyzed 
even after the hypertonicity was discovered 
because they were ‘‘incontinent.” A specific 
water-losing kidney lesion was not described, 
but the author did demonstrate that severely 
ill patients could develop a marked decrease 
in the ratio between total body water and 
total body salt. 

No one has published convincing evidence 
that severe abnormalities in tonicity develop 
without a disproportionate exchange of 
water and solutes between the patient and 
his environment. Schoolman and associates 
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reported 100 cases of hypernatremia and 
categorized them as being due to primary 
desiccation, central nervous system injury, 
or diabetic coma treated with saline and 
insulin. Evaporation of water is often over- 
looked as a cause of hypertonicity, and yet 
it is present at all times in all people. Hyper- 
ventilation, dry air, or warm rooms all in- 
crease the rate at which desiccation occurs. 
Diabetes insipidus and specific water-losing 
renal lesions are not necessary to explain 
hypertonicity. Of Schoolman’s patients with | 
central nervous system disease the diagnosis 
was tabulated as encephalomalacia in 43, 


This diagnosis does not suggest a peculiar | 


lesion involving osmoreceptors so much as it 
suggests that the patients were probably not 
normally alert to their water needs. Rapa- 
port studied a group of 14 children who 
developed hyperosmolarity and hyperelec- 
trolytemia. He listed lack of input, diarrhea, 
hyperventilation, and solute diuresis as the 
factors involved. 

There is not space to discuss the extensive 
literature on this subject, but there are a 
number of excellent reviews including that 
of Moore. Study of the present series of pa- 
tients and perusal of the literature leads one 
to the conclusion that there is much that we 
do not know about the complex factors that 
regulate osmotic pressure in the healthy 
animal and that serious illness probably 
interferes with many of these regulating 
mechanisms. Although complexity of eti- 
ology is recognized, the treatment and pre- 
vention of abnormalities in tonicity can be 
relatively simple. 

The treatment of imbalance requires first 
that all pertinent data be used to estimate 
the patient’s fluid volume and its distribution 
in the body. Usually the patient with a low 
serum sodium concentration has an excess 
of total body water. Whether or not he has 
an actual deficiency of extracellular electro- 
lytes will have to be determined from the 
history and physical examination. Whether 
hypertonic saline shall be used will depend 
not only on the estimate of extracellular 
fluid volume but also on information about 
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renal, cardiac, and other organ function. 
Usually the patient with high concentrations 
of sodium has need for an increase in total 
body water, but he may not appear severely 
dehydrated. Sodium and chloride may not 
appear in the urine. Homeostatic mecha- 
nisms may be functioning to retain sodium 
in order to maintain an adequate circulation 
even though the tonicity is high. The re- 
quirements for restoration of normal tonicity 
can be estimated and supplied. If the esti- 
mated change in total body water required 
to restore normal volume is inconsistent with 
the estimate of change in total body water 
required to restore tonicity then some cau- 
tion in treatment and further analysis of the 
patient’s condition and response to therapy 
will be required to resolve the discrepancy. 
Observation of a patient’s response to ther- 
apy is always a valuable adjunct to diag- 
nosis. The diagnosis of tonicity can be made 
from serum sodium concentration alone pro- 
vided the clinician is reasonably sure that 
no retention of nonelectrolytes has occurred. 
The only substances of significance are urea 
and glucose. A blood urea nitrogen of 150 
milligrams per 100 milliliters of blood would 
have roughly enough osmotic effect to take 
the osmotic place of 25 milliequivalents of 
sodium and the 25 milliequivalents of asso- 
ciated anions. Correction of a low sodium 
concentration by restriction of water is ill- 
advised if the tonicity is normal. Usually 
the excess water and elevated urea will be 
corrected simultaneously as urinary output 
improves, if it does. Death in anuric patients 
has been attributed to potassium poisoning 
and pulmonary edema. A third cause of 
demise may well be a severe derangement 
in tonicity. 

Even though there are some exceptions to 
sodium concentration paralleling tonicity 
there are no exceptions to the parallel be- 
tween sodium concentration and total elec- 
trolyte concentration. It is necessary to know 
the sodium concentration before the concen- 
tration of chloride and bicarbonate can be 
interpreted. Sodium concentration indicates 
the relative amount of water present in the 


body and is not an index of acid-base 
balance. Although knowledge of tonicity is 
a prerequisite to the interpretation of ob- 
served concentrations of chloride and bi- 
carbonate, it is of no value in the inter- 
pretation of the concentration of potassium, 
calcium, and other ions which are present 
in low concentrations in extra-cellular fluid. 
To the extent that an actual potassium de- 
ficiency exists in intracellular water, admin- 
istered and retained potassium may con- 
tribute to an increase in osmotic pressure of 
total body water but, because of the danger 
of hyperkalemia, hypertonic potassium solu- 
tions are hazardous. 

The rules of electrical neutrality and os- 
motic equilibrium appear to be useful in 
simplifying the understanding of a whole 
range of disease states which have in com- 
mon a disruption of normal intake and out- 
put which has led to an abnormal relation- 
ship between total body water and total 
body electrolyte. Recognition of this con- 
tinuum should eliminate a host of needless 
and confusing terms. 

There is special information required in 
treating deviations of fluid and electrolyte 
balance in certain diseases, but the vast ma- 
jority of patients maintain their own balance 
and those patients who need help will be 
served best by the physician who uses a 
broad approach based on a few simple 
principles. If (1) the volume, (2) tonicity 
and chemical composition, and (3) hydrogen 
ion concentration can be restored to normal, 
and if the patient’s metabolic needs are 
supplied, and abnormal fluid losses replaced, 
the patient will be in optimum condition to 
survive his underlying disease. It is a sad 
commentary that many analyses of electro- 
lytes are ordered but that a complete fluid 
and electrolyte analysis is infrequently writ- 
ten into the record. The first step in correct- 
ing imbalance should be a statement about 
the volume of fluid the patient needs and 
the evidence to support that conclusion. 
Tonicity, chemical composition and acid- 
base balance should likewise be estimated 
and the estimate written out in sufficient 
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detail so that the physician can follow and 
cross-examine his own reasoning. 


SUMMARY 


Review of a relatively unselected series of 
patients with abnormal serum sodium con- 


centration supports the conclusion that this - 


is not a specific syndrome or collection of 
syndromes but simply a manifestation of the 
reciprocal relationship which exists between 
total body water and total body electrolyte. 
Thus many complicated, confusing, and 
meaningless terms can be eliminated. The 
etiology of these abnormalities is not specific 
and includes any derangement of a patient’s 
normal external exchange of water or elec- 
trolyte. Use of the rule of electrical neutrality 
is a practical means of determining the reli- 
ability or internal consistency of laboratory 
data before such data are used in estimating 
the patient’s chemical balance. The im- 


portance of urea in contributing to osmotic 
pressure should be remembered. A high 
tonicity may well be the cause of death in 
uremic patients who do not die as a result 
of a high potassium level or from pulmon- 
ary edema. 
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THE ACCELERATION OF WOUND HEALING 


WITH CARTILAGE—I 


LESTER BAKER, A.B., New York, New York 


THERE HAS RECENTLY BEEN a renewed in- 
terest among surgeons in the mechanisms 
involved in the normal healing of wounds. 
This has taken two principle directions— 
investigations into the biochemical time se- 
quences of wound healing and efforts to ex- 
ploit the important clue furnished by the 
inhibition of fibroplasia by cortisone. 

The present study was influenced by both 
lines of investigation; but its principal im- 
petus was derived from the demonstration 
by Lattes and associates that the local use of 
cartilage would reverse the inhibition of 
wound healing effected by cortisone. It ap- 
peared of great importance to test the possi- 
bility that this striking local effect was not 
only effective against the action of cortisone, 
but also in the case of wounds healing in a 
normal postoperative metabolic and endo- 
crine environment. This article reports our 
evaluation of this possibility. 


METHODS 


We have employed albino Sherman strain 
female rats in these studies. The basic prepa- 
ration consisted of such a rat with a 5.5 
centimeter midline abdominal incision, 
which was made under aseptic conditions 
and closed with interrupted through-and- 
through sutures of No. 000 silk. The wounds 
were not dressed after closure,' but a plaster 
collar was used on each rat to prevent self- 
inflicted damage to the wound. 

From the Department of Surgery, Columbia University Col- 
lege of Physicians and Surgeons, and the Surgical Services of the 
Presbyterian Hospital, New York. 

Supported in part by a grant from the National Institute of 
Arthritis and Metabolic Diseases; by a grant by the Council on 
Pharmacy and Chemistry of the American Medical Associati~i, 
and by funds provided by the National Heart Institute. 


1It was found empirically that the wounds were in much 
better condition uncovered than when dressed. 


JOHN F. PRUDDEN, M.D., Med.Sc.D., F.A.C.S., GENTARO NISHIHARA, M.D., and 
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Evaluation of our initial data demon- 
strated the importance of several technical 
matters. This analysis demonstrated that 
the wound tensile strength comparisons are 
most reliable when paired, that is, with one 
operator doing both a test and a control rat 
at one time. Furthermore, the pair must be 
within 5 grams in weight. They should have 
arrived in the Animal Care Department at 
least 3 days prior to operation; and they 
must have been given identical care (in the 
same cage). Also, at the time that the wound 
tensile strengths are determined, any pair in 
which one or both animals exhibit any 
wound infection is discarded as a statistical 
pair (although the wound tensile strengths 
are determined—see Table II and discus- 
sion). This critical rejection of wounds ex- 
hibiting infection is extremely important, 
since it is well established that infection may 
play a significant, and even dominant role 
in the status of any wound—causing dis- 
solution when marked in degree, and stim- 
ulation of fibroplasia when mild, even to 
the point of reversing the cortisone effect. 

The wound tensile strength at 7 days is 
determined in millimeters of mercury by a 
modification of the technique of Meadows 
and Prudden. The method is illustrated in 
Figure 1. A convenient feature of the ar- 
rangement is the precision with which the 
pressure can be raised by means of a con- 
trolling setscrew on the portable rotary 
pump shown. This pump is connected with 
a latex condom through a Y tube, the other 
arm of which goes to a standard sphygmo- 
manometer mercury column. 

The rat to be tested is killed by an intra- 
cardiac injection of paraldehyde. There ap- 
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TABLE I.—“t” TESTS WITH PAIRING 


Total No. i 
of pairs Means Range Xp a p 
4 Cartilage 56 120.7 60-222 4.94 3.95 <<.001 
Control 101.2 30-192 
2Methionine 25 97.6 56-200 p>.9 
Control 98.6 56-178 
3Cartilage 51 117.7 50-204 5.08 3.60 <<.001 
Bone 99.9 30-156 
4Gelatin 20 71:9 30-114 7.45 1.60 <2>A4 
Control 83.8 40-155 
Cartilage 77 111.6 40-232 3.94 3.23 <.005> .001 
Talcum 98.7 50-214 
TABLE IT.—OVER-ALL “t” TEST WITHOUT PAIRING 
Means p 
Cartilage m= 196 117.09 x1-x9= 4.13 t=4.73 p<< 001 
Control ne= 123 97.54 


pears to be less variation in the results if all 
muscular activity of the abdominal wall is 
eliminated; but tests should be made prior 
to the onset of rigor mortis. After the sutures 
have been removed from the wound, the 
condom is inserted into the peritoneal cavity 
through a defect made with a Kelly clamp 
in the apex of the vagina. After the condom 
is in place, and the introitus has been 
snugged firmly (with a hemostat) around 
the tube leading to the peritoneal cavity, 
the pump is turned on with the setscrew well 
out so that the pressure reading is 20 milli- 
meters of mercury or less. ‘The greatest care 
must be exercised to make certain that there 
is free ingress of air into the condom. This is 
occasionally prevented by a backfolding of 
the balloon upon the end of the plastic tub- 
ing on which it is tied. The easiest way of 
accomplishing this is to turn the pump off 
and on. If a clear passageway exists, the 
abdomen will distend and collapse readily. 

The pressure is now raised at a rate of 
10 millimeters of mercury every 5 seconds. 
One assistant calls out the time while the 
operator watches the mercury column in 
order to note accurately the pressure at 
which the wound splits and the condom ex- 
trudes itself (wholly or in part) through the 
defect. This is recorded as the tensile strength 
of the wound. 

In these experiments, the individual ma- 
nipulating the pump and balloon was never 
aware of whether he was testing an experi- 


mental or a control animal. A condom was 
used rather than intraperitoneal injection 
of air because the end point is much more 
definite, the wound splitting from end to 
end rather than decompressing through a 
small defect which is a much more difficult 
end point to appreciate. The condom must 
be sufficiently large so that its resistance to 
expansion is essentially nil at a volume 
equivalent to that of the rat’s peritoneal 
cavity. If a defect exists or is produced in the 
condom, it must be changed immediately as 
this will cause the same difficulties in end 
point interpretation which arise when air 
alone is employed. 

The cartilage powder employed was a 
commercially prepared powdered bovine 
tracheal cartilage. The bone flour was a 
pressure-cooked product of whole bone, 
with a calcium to phosphate ratio of 2.17, 
which contained other essential minerals as 
they occur in bone. The gelatin was pure 
beef gelatin in thin strips cut to the length 
and depth of the wound, and held in posi- 
tion between the opposed wound edges by 
the sutures. When methionine was admin- 
istered, a total of 150 milligrams of the dl- 
mixture was given subcutaneously each day; 
and this control group received an equal 
volume of saline daily. 

Initially, the cartilage powder and bone 
flour were sterilized by heat and applied to 
the wound with a standard powder atomizer. 
Both products were cultured from time to 
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Fic. 1. This illustration demonstrates: a, the technique for the insertion of the balloon into the peri- 
toneal cavity of the test animal through the apex of the vagina; b, the distended abdomen during 
testing; and c, the appearance of the preparation at the moment of disruption. 


time, and were invariably sterile. For this 
reason, no sterilization was carried out later 
in the experiment. The gelatin strips were 
rinsed thoroughly in sterile saline prior to 
use to make them pliable and to “sterilize” 
them. 

Between 20 and 30 milligrams of cartilage 
powder and bone flour were applied to each 
wound with an atomizer. 


RESULTS 


Table I is a summary of “‘t” tests with 
pairing on all of the comparisons made. The 
number of pairs is too great to record each 
separately. Instead, the means for each of 
the comparisons are given together with the 
pertinent statistical data. It will be seen 
there and in Figure 2 that the cartilage 
wounds are significantly stronger than: (1) 
wounds sutured without the addition of any 
local or systemic substance (control wounds) 
and (2) wounds treated with either local 
gelatin, talcum powder, bone flour, or with 


systemic dl-methionine. It will be noticed 
that the mean of the cartilage wound is ap- 
proximately 20 per cent greater than the 
other experimental groups. 

Table II is a summary of a “‘t” test with 
pairing employing all cartilage tests and all 
wounds not treated locally, irrespective of 
whether they were paired or came from the 
same general experimental group. This 
makes use of additional data from all of the 
unpaired determinations which resulted from 
the rejection of infected wounds, death, or 
miscellaneous causes. It is interesting to find 
that the significance is of such a high order 
that pairing is unnecessary to demonstrate 
marked significance, despite the additional 
variation this introduces into the calcula- 
tion of the standard error of difference be- 
tween means. 


DISCUSSION 


The effect of cartilage upon the tensile 
strength of wounds which has been demon- 
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Fic. 2. The effect of various substances upon the ten- 
sile strength of wounds on the seventh postoperative day. 


strated in these experiments is unique. No 
other substance has been shown to produce 
such an increase under normal nutritional 
and endocrine circumstances. 

The specific fraction of cartilage which is 
responsible for this effect is unknown. The 
biochemically characterized substances (acid 
mucopolysaccharides) known or presumed 
to be present in cartilage (chondroitin sul- 
fates A and C) did not prevent the cortisone- 
induced inhibition of fibroplasia, while 
whole cartilage did. Meyer suggests that 
these substances be tested again with this 
technique in the form of a less soluble salt 
as well as with the native mucoprotein 
complexes. This is planned for the near fu- 
ture. For the present, however, the pre- 
sumption is that the active “‘repair stimu- 
lating fraction” of cartilage is as yet un- 
separated and uncharacterized. 

One of the immediate needs is to study 
the differential effect of local cartilage on 


the sequential events, both physical and bio- 
chemical, which mark the maturation of a 
healing wound. Initial steps in this direction 
include day-to-day tensile strength deter- 
minations, sequential histologic studies, and 
determinations of wound collagen as re- 
ported by Abercrombie and associates. Such 
studies are nearing completion. Long term 
efforts should involve testing the effect in 
other species, including possible clinical trial. 
It is believed that these observations will 
constitute an interesting guide to further 
studies of the biochemistry of wound heal- 


ing. 
SUMMARY 


1. Local heterologous cartilage powder 
will cause an increase of approximately 20 
per cent in the tensile strength of 7 day su- 
tured wounds in the rat. The increase is 
statistically significant. 

2. Talcum powder, bone flour, gelatin, 
and parenteral methionine have no signifi- 
cant effect under these experimental condi- 
tions. 

3. The implications of these findings and 
the immediate and long term research needs 
in this problem have been discussed. 
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THE REFLECTION OF TEMPORARY PANCREATIC 
DUCT OCCLUSION IN SERUM AMYLASE 
LEVELS OF THE EXPERIMENTAL ANIMAL 


BENJAMIN F. BYRD, JR., M.D., F.A.C.S., and JOHN L. SAWYERS, M.D., 


Nashville, Tennessee 


ELEVATION of the serum amylase level and 
acute pancreatitis have become almost 
synonymous to the practicing physician. 
This pattern of thought is the result of the 
observations on acute pancreatitis which 
were published by Elman. That these levels 
were transient and were associated with 
transient pancreatic disease was a basic part 
of his original work. Prior to the publication 
of these observations, Wangensteen had 
shown that simple ligation of the major pan- 
creatic duct did not produce either the gross 
or microscopic picture of pancreatitis. If 
there was regurgitation of bile or injection of 
bile into the pancreatic duct, pancreatitis 
could be produced. He showed, also, that 
high serum amylase levels could be pro- 
duced by obstruction of the pancreatic ducts 
in the presence of an actively secreting or 
stimulated gland. Since the problem as set 
forth by Elman was a matter of transient 
levels and transient disease, it would seem 
that the effect of transient obstruction to the 
major pancreatic duct should be evaluated 
according to the changes in serum amylase 
levels. If transient obstruction of the major 
ducts will produce significant variation in 
amylase levels, then all elevated serum amy]l- 
ase levels are not associated with inflamma- 
tory pancreatic disease but may reflect ob- 
struction to outflow of pancreatic secretions. 


PROCEDURE 


Obstruction of the major pancreatic duct 
was accomplished in a series of mongrel 


dogs. This obstruction was carried out by 


From The S. R. Light Laboratory for Surgical Research, 
Department of Surgery, Vanderbilt University School of Medi- 
cine, Nashville, Tennessee. 


isolating the major pancreatic duct, occlud- 
ing the duct for varying periods of time with 
a bulldog clamp, and then releasing the ob- 
structing clamp. In this series of 16 animals, 
serum amylase levels were determined at the 
time of obstruction of the duct and after the 
obstruction was released at intervals of 30 
minutes, and 6, 24, 48, and 72 hours. 

All of the animals in the series were anes- 
thetized with intravenous pentobarbital. 
There were no deaths in the series, and all 
serum amylase levels were determined by 
the Somogyi method. 


RESULTS 


Section I. In a control group of animals the 
major pancreatic duct was isolated but was 
not occluded. There was no rise in serum 
amylase levels over the initial determination 
in any animal in the control group. 

In 4 of the dogs the major pancreatic duct 
was occluded for 60 minutes or less. In 1 of 
the 4 animals in this group, occlusion was 
maintained for 15 minutes, in another for 30 
minutes, and in 2 for 60 minutes. The first 
animal in this group had an occlusion of the 
major pancreatic duct for 30 minutes and 
exhibited some elevation of the serum amy]l- 
ase postoperatively; however, since this was 
the first duct isolated, there was excessive 
trauma at the time of surgery. None of the 
remaining animals in this series showed any 
significant rise in serum amylase level. 

Section II. In a group of 6 animals the 
major pancreatic duct was occluded for 2 or 
more hours. In 3 dogs occlusion was main- 
tained for 2 hours and in 3 dogs for 4 hours. 
In every instance there was a considerable 
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Fic. 1. Serum amylase values following obstruction of 
pancreatic duct. 


rise in serum amylase levels. This ranged 
from 1.7 to 3 times the preoperative value 
(Fig. 1). The peak rise was at 24 to 48 hours 
after release of the occlusion. At 72 hours in 
every instance the values were falling toward 
the lower preocclusive levels. 

In 2 animals the major pancreatic duct 
was ligated with a heavy silk suture. There 
was a marked rise in the serum amylase 
levels of these animals with a peak at the 
same time interval as the previous group and 
with a fall in levels becoming evident after 
72 hours. The serum amylase values had 
returned to preocclusion levels after 14 days. 

In 3 animals the accessory pancreatic 
ducts were freed up and ligated which was 
accomplished by freeing up the pancreas 
along its entire duodenal margin and leaving 
intact the major duct alone. After 30 days 
these animals were reoperated upon, and the 
major pancreatic duct was occluded for 2 
hours. ‘This procedure resulted in a rise in 
serum amylase values which was essentially 
the same as in preceding animals. 


DISCUSSION 


There is no question that direct trauma 
to the pancreas or the presence of acute in- 
flammatory reaction in the pancreas may 
produce elevation of the serum amylase 
values. In our series of animals particular 
care was taken to minimize trauma to the 
pancreas, and after the first few animals the 


isolation of the major pancreatic duct was 
quite simply accomplished. In the control 
animals, and in those animals having oc- 
clusion of the major pancreatic duct for 1 
hour or less, there was no significant re- 
sponse in serum amylase values. If the major 
pancreatic duct was occluded for 2 or more 
hours, there was a demonstrable significant 
rise in amylase. This rise started within 6 
hours after the release of the occlusion and 
lasted for 48 hours. This is also true of 
those animals previously prepared by the 
ligation of all accessory pancreatic ducts. 

It seems from these observations that the 
transitory accumulation of pancreatic secre- 
tions in the pancreatic duct system can cause 
elevation of serum amylase values. These 
levels are compatible with the changes 
which have been previously deemed char- 
acteristic of pancreatic necrosis but seem- 
ingly can be reproduced by transitory ob- 
struction of pancreatic outflow. 


SUMMARY 


1. Serum amylase values were determined 
in a series of mongrel dogs by using the 
Somogyi method. These animals were sub- 
jected to brief periods of major pancreatic 
duct obstruction, and the amylase levels fol- 
lowed at varying intervals. 

2. In those animals having major pan- 
creatic duct obstruction for 1 hour or less 
there was no significant change in serum 
amylase values. If the obstruction continued 
for 2 or more hours, there was a consistent 
significant rise in serum amylase levels last- 
ing 48 hours. 

3. The results indicate that the transitory 
accumulation of pancreatic secretions in the 
pancreatic duct system may produce serum 
amylase elevations which have been pre- 
viously accepted as diagnostic of inflamma- 
tory disease of the pancreas. 
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TREATMENT OF INFLAMMATORY 


CARCINOMA OF THE BREAST 


THOMAS L. DAO, M.D., F.A.C.S., Buffalo, New York, and 


JACK D. McCARTHY, M.D., Chicago, Illinois 


THE DEVELOPMENT of inflammatory carci- 
noma of the breast in a patient has a justifia- 
bly ominous import. The disease represents 
avery virulent type of cancer, and the prog- 
nosis is invariably grave. The futility of 
direct attack upon inflammatory carcinoma 
by radical surgery has long been recognized 
by many able experts in this disease. Radi- 
cal mastectomy has not only failed to cure 
any patients with inflammatory carcinoma, 
but it has seemed deleterious in that it is 
often followed by prompt local recurrence, 
generalized metastases, and early death. Ir- 
radiation has proved equally ineffective in 
these patients. We will present our experi- 
ence with radical mastectomy, radiation, 
and endocrine ablative therapy in inflamma- 
tory carcinoma of the breast. 


MATERIALS AND METHOD 


Between January 1951 and January 1957, 
745 cases of carcinoma of the female breast 
were seen at the University of Chicago 
Clinics, and of this number 18 (2.4 per cent) 
were of inflammatory type. Of these, 13 were 
primary and 5 were secondary lesions. 

In all 13 cases which were classified as pri- 
mary inflammatory carcinoma the clinical 
characteristics consisted of enlargement and 
generalized induration of the breast, and red- 
ness, heat, and edema of the skin over it. A 
distinct tumor mass may or may not be 
palpated because of the presence of excessive 
edema of the skin. The unique pathologic 
finding in these cases is the presence of diffuse 
suldermal lymphatic invasion and extensive 


_F-om The Ben May Laboratory for Cancer Research of the 
Uni-ersity of Chicago, Chicago. 

‘1 iis study was aided by grants from the Jane Coffin Childs 
Me .orial Fund for Medical Research and from the American 
Car er Society, Inc., and from the U.S. Public Health Service. 


infiltration of the lymphatics of the breast by 
cancer cells (Fig. 1a and b). Diagnosis in 
these cases, therefore, was based upon the 
classical clinical picture and pathologic ex- 
amination. 

The secondary inflammatory carcinoma 
was defined as one in which the inflamma- 
tory manifestations appeared either as a re- 
current carcinoma at the site of the original 
mastectomy or in the contralateral breast. 
Since the secondary inflammatory carcinoma 
is a recurrent disease, it often appears with 
concomitant distant metastases. The patho- 
logic findings in these cases were the same as 
those of a primary inflammatory carcinoma. 

Of the 13 patients with primary inflam- 
matory carcinomas, 1 patient was treated 
with testosterone; widespread metastases de- 
veloped rapidly, and she died within 2 
months after the diagnosis was made. To 
the remaining 12 patients the following 
methods of treatment were given: (1) radi- 
cal mastectomy and postoperative radiation 
in 3 cases, (2) extensive preoperative radia- 
tion followed by radical mastectomy in 2 
cases, (3) radiation alone was given to 3 pa- 
tients, (4) bilateral adrenalectomy and 
oophorectomy in 3 cases, and (5) preopera- 
tive radiation, radical mastectomy immedi- 
ately followed by bilateral adrenalectomy 
and oophorectomy in 1 case. 

The 5 patients with secondary inflamma- 
tory carcinoma were all treated by bilateral 
adrenalectomy with or without oopho- 
rectomy. 


RESULTS OF TREATMENT 


The results of different methods of treat- 
ment for the primary inflammatory carci- 
noma are shown in Table I. In all 3 patients 
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TABLE I.—RESULTS OF DIFFERENT METHODS OF TREATMENT FOR INFLAMMATORY CARCINOMA Of 


Case Age 
(1) 

M.K. 46 
(2) 

R.W. 49 
(3) 

M.C. 68 
(4) 

L.R. 44 
(5) 

LP. 
(6) 

49 
(7) 

RB. 31 
(8) 

IN. 39 
(9) 

BP. 76 
(10) 

AX. 52 
(11) 

465 
(12) 

A.H. 35 
(13) 

ED. 48 


Time from 
onset to 
treatment 


3 mos. 


3 mos. 


6 wks. 


4 mos. 


4 mos. 


5 mos. 


3 mos. 


12 mos. 


1 mo. 


2 mos. 


3 mos. 


2 mos. 


1% mos. 


Menstrual 
Status 


Premeno- 
pausal 


Postmeno- 
pausal 


Postmeno- 
pausal 


Premeno- 
pausal 


Premeno- 
pausal 


Postmeno- 
pausal 


Premeno- 
pausal 


Premeno- 
pausal 


Postmeno- 
pausal 


Postmeno- 
pausal 


Postmeno- 
pausal 


Premeno- 
pausal 


Premeno- 
pausal 


THE BREAST 
Further 
Treatment Response to treatment therapy 
Testosterone (1) Bilateral pulmonary metastases 
(2) Intraperitoneal and liver 
metastases 1 mo. after treatment 
(1) Radical mastectomy (1) Extensive local recurrence Cortisone 
(2) Postoperative 5 mos. after mastectomy 
radiation (2) Bilateral pulmonary 
metastases at same time 
(1) Radical mastectomy (1) Local recurrence 3 mos. after Radiation 
(2) Postoperative mastectomy 
radiation (2) Contralateral breast metastases 
8 mos. 
(3) Bilateral pulmonary metastases 
9 mos. 
(1) Radical mastectomy (1) Local recurrence and contra- Cortisone 
(2) Postoperative lateral breast metastases 3 mos. Radiation 
irradiation postmastectomy 
(2) Bilateral pulmonary metastases 
9 mos. 
(1) Extensive preopera- (1) Bilateral pulmonary metastases 
tive radiation— 1 mo. 
lasted 3 mos. (2) Local recurrence in left chest 
(2) Bilateral radical wall 2 mos. 
mastectomy 
(1) Preoperative (1) Local recurrence and contra- Bilateral 
radiation lateral breast metastases 4 mos. adrena- 
(2) Radical mastectomy lectomy 


(1) Extensive preoperative 


radiation 
(2) Radical mastectomy 
(3) Bilateral oophorec- 
tomy and adrenal- 
ectomy 


Radiation 
Extensive radiation 


Extensive radiation 


Bilateral adrenalectomy 


Bilateral oophorectomy 
and adrenalectomy 


Bilateral oophorectomy 
and adrenalectomy 


(1) Local recurrence 12 mos. 
(2) Bilateral pulmonary metastases 
21 mos. 


Cerebral metastases during therapy 


Bilateral pulmonary 3 mos. after 
treatment 


Bilateral pulmonary metastases 2 
weeks after completion of radiation 


(1) Regression of inflammatory signs 

(2) Decrease of swelling of breast 
and arm 

(3) Pulmonary metastases 23 mos. 
after treatment 


(1) Rapid disappearance of 
inflammatory signs 
(2) Decrease in size of breast 


(1) Decrease in size of breast 

(2) Regression of inflammatory signs 

(3) Decrease in size of axillary 
metastases 


Time from 
ini ial 
treatn.ent to 
death 


2 mos 


11 mos. 


12 mos. 


12 mos. 


8 mos. 


Alive 4 mos. 
after adren- 
alectomy 


22 mos. 


2 mos. 


3 mos. 


7 mos. 


24 mos. 


Alive and 
well 29 nos. 


Alive 7 0s. 
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Fic. 1. a, Carcinoma in lymphatics of skin in inflammatory carcinoma. b, Carcinoma filling up 
dilated lymphatics in the breast in inflammatory carcinoma. 


treated by radical mastectomy and postoper- 
ative radiation, local recurrence developed 
within a period of from 3 to 5 months. All 
later developed bilateral pulmonary metas- 
tases and have since died. In both patients 
treated by extensive preoperative radiation 
and radical mastectomy, local recurrence 
developed, one 2 months and one 4 months 
after the operation. In Case I. T. local recur- 
rence and contralateral breast metastases de- 
veloped 4 months following radical mastec- 
tomy. She was treated by adrenalectomy and 
is still alive 4 months later with no sign of 
local spread or distant metastases. 

lhe 3 patients who were treated by radia- 
tion alone received no beneficial effects. 
Among the 3 patients who had bilateral 
adrenalectomy and oophorectomy as initial 
treatment 1 showed initial regression of in- 
flainmatory signs, but developed pulmonary 
m: tastases 22 months later and has since 
di d. Two are still alive, and both have re- 


gression of local inflammatory lesions with 
no evidence of distant metastases, 7 and 29 
months after the operation. In the 1 patient 
who had adrenalectomy and oophorectomy 
immediately following radiation and mastec- 
tomy local recurrence developed 1 year after 
the operation, and she died 22 months later 
of pulmonary metastases. Results in 5 pa- 
tients with secondary inflammatory carci- 
noma treated by adrenalectomy or a com- 
bined procedure of oophorectomy and 
adrenalectomy are shown in Table II. Two 
patients received no benefit and 3 showed 
both objective and subjective improvement. 
(One of them lived 4 years after the adre- 
nalectomy.) 


CASE REPORTS 


Case 1. A woman, L. M., aged 61 years, was treated 
by radical mastectomy in 1949 for a carcinoma of the 
breast. When she was first seen in this clinic in August 
1951, there was an extensive local secondary recurrent 
inflammatory carcinoma over the left chest wall and a 
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Fic. 2. a, Inflammatory recurrent carcinoma in a 61 year old woman before adrenalectomy. b, 
Regression of inflammatory lesion 32 months after adrenalectomy. 


large tumor in the contralateral breast with nipple re- 
traction. Breast biopsy showed that numerous lym- 
phatics had been invaded, extending from the dermis 
upward into the lymphatics below the papillary layer 
of the skin. Large nests of tumor cells lay within the 
dilated lymph vessels of the breast. A bilateral adrena- 
lectomy was done on September 5, 1951. The local 
recurrent lesion rapidly regressed within a month after 
the operation (Fig. 2a and b). The retraction of the 
nipple of the right breast disappeared, and the mass 
became nonpalpable. The patient remained well for 
45 months with no evidence of progression of the dis- 
ease. In June 1955, she developed pulmonary metas- 
tases and died 4 years after the operation. 

Case 2. A young woman, A. H., aged 35 years, first 
discovered swelling of the left breast in November 1954. 
Soon the breast became greatly enlarged and the skin 
over it became red and hot. There was slight tender- 
ness but no tumor mass was palpated. The patient was 
afebrile with no systemic symptoms. She consulted her 
family physician who treated her with penicillin and 
local compresses. The treatment was continued for 4 
weeks with no relief; instead the breast became larger. 
A surgeon was consulted, and a diagnosis of primary 
inflammatory carcinoma was made. She was referred 
to the University of Chicago Clinics for treatment. 

At the time of admission, examination revealed that 
the left breast was diffusely enlarged and indurated. 
The swelling extended to the axilla. No well defined 
mass was palpated. The overlying skin of the breast 
was hot, fiery red, and with a classical peau d’orange. 
No supraclavicular or axillary nodes were palpated. 
The right breast was pendulous. X-ray survey of the 
chest, pelvis, and skull showed no evidence of metas- 
tatic involvement. In January 1955 a biopsy of the 
breast was performed, and frozen sections showed the 
presence of extensive carcinomatosis of the subdermal 


lymphatics. A bilateral oophorectomy with adrenalec- 
tomy was then done. Rapid decrease in signs of edema 
and inflammation was observed within 2 weeks after 
the operation. As the edema of t' ¢ skin subsided, a 
large mass could be palpated in the upper outer 
quadrant of the left breast. The mass has since gradu- 
ally undergone regression. The patient has remained 
well with no evidence of local spread and distant me- 
tastases 29 months since the operation. 


DISCUSSION 


The clinical characteristics of inflamma- 
tory carcinoma of the female breast were 
thoroughly discussed in articles by Lee and 
Tannenbaum in 1924 and by Taylor and 
Meltzer in 1938. Although inflammatory 
carcinoma of the breast is an uncommon 
clinical variety of mammary cancer, its early 
diagnosis is of great importance because of 
the rapidity of the growth of this neoplasm 
and a previous lack of effective treatment. 
In Lee and Tannenbaum’s series, 4 patients 
with inflammatory carcinoma were treated 
by radical mastectomy which was quickly 
followed by local recurrence, generalized 
metastases, and early death. Taylor and 
Meltzer’s 6 patients treated by radical sur- 
gery had the same fate. They concluded that 
the disease cannot be cured by surgery. I ie 
series presented by Haagensen showed sin i- 
lar results. In our own experience, all 5 p i- 
tients treated by radical mastectomy ai d 
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eith:: preoperative or postoperative radia- 
tion had local recurrences within 2 to 5 
months following the radical surgery. Dis- 
tant metastases almost always occur shortly 
after the appearance of local recurrence. 

From the pathologic point of view, radi- 
cal mastectomy for an inflammatory carci- 
noma of the breast is a violation of the basic 
principle of cancer surgery. It is well known 
that in all inflammatory cancer of the breast 
there is an extensive subepidermal lymphatic 


invasion by cancer cells. Stasis inevitably 


occurs as a result of the plugging and block- 
age of the vessels by the cancer cells. Further- 
more, extensive lymphatic blockage by can- 
cer cells also occurs in the breast itself. Such 
obstruction of the lymphatics by the cancer 
cells in both skin and breast result in the 
marked and rapid swelling of the skin and 
the breast. The swelling often becomes so 
diffuse that no boundary can be defined. If 
this underlying pathologic condition is con- 
sidered, one cannot deny that to remove a 
diffusely edematous breast with extensive 


Fic. 3. Primary inflammatory carcinoma of the left 
breast. Note the diffuse swelling of the breast and marked 
erythematous changes of the overlying skin. 


infiltration of cancer is to hazard the dis- 
semination of the neoplastic cells. This re- 
sult is clearly demonstrated by the prompt 
local recurrence in those patients who have 
undergone radical mastectomy. Some sur- 
geons today still advise radical mastectomy 
for inflammatory carcinoma of the breast 
basing their treatment solely on the premise 


TABLE II.—RESULTS OF ADRENALECTOMY FOR SECONDARY INFLAMMATORY CARCINOMA OF THE BREAST 


Time of appearance 


of inflammatory Time from 
lesion since ini- Menstrual Site of secondary lesion present therapy 
Case Age tial treatment status and metastases Response to treatment to death 
(1)* 
A.O. 59 3 yrs. Postmenopausal (1) Contralateral breast None 2 mos. 
(8 yrs.) (2) Chest wall over the 
mastectomy site 
(2)* 
V.B. 35 2 mos. Premenopausal (1) Contralateral breast None 2 mos. 
(2) Chest wall over the 
mastectomy site 
(3) Pulmonary metastases 
(3)* 
AS, 54 6 mos, Postmenopausal (1) Contralateral breast Marked regression of in- 16 mos. 
(3 yrs.) (2) Chest wall over the flammatory lesion in 
mastectomy site chest wall, left breast 
(3) Upper abdominal wall and abdomen 
(4) 
LM. 61 1 yr. Postmenopausal (1) Contralateral breast (1) Marked regression in 4 yrs. 
(2) Chest wall over the contralateral breast 
mastectomy site (2) Complete regression of 
inflammatory lesion in 
chest wall 
(5) 
HI. 56 10 mos, Postmenopausal (1) Contralateral breast (1) Regression of inflam- Still living 5 
(7 yrs.) (2) Chest wall over the matory signs in con- mos. after 
mastectomy site tralateral breast operation 


* \drenalectomy plus oophorectomy. 


(3) Bilateral pulmonary 
metastases 


(2) Regression of inflam- 
matory lesion in chest 
wall 

(3) Decrease of pleural 
effusion 
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that the literature contains some isolated re- 
ports of 5 year survival. We agree with 
Haagensen and doubt that all of these pa- 
tients actually had inflammatory type of 
carcinoma. In our series, only those cases are 
classified as inflammatory carcinoma which 
present all the cardinal clinical features, such 
as swelling and diffuse induration of the 
breast and redness and edema of the skin 
over it (Fig. 3). 

The beneficial effects of bilateral adrena- 
lectomy in the palliative treatment of ad- 
vanced mammary cancer have been well 
established. The observation of the striking 
regression of cancer in a secondary inflam- 
matory carcinoma of the breast after adrenal- 
ectomy has been performed has led us to 
use this surgical procedure in the treatment 
of primary inflammatory carcinoma of the 
breast. 

It is evident that the cases reported here 
are too few in number to draw any conclu- 
sion based on statistics. This observation is 
often true in diseases which are rare. How- 
ever, it is also evident that the endocrine ab- 
lative therapy has provided better results 
than treatment by radical mastectomy and 
radiation. 


SUMMARY 


1. Thirteen cases of primary and 5 cas: s of 
secondary inflammatory carcinoma oj the 
female breast are presented. 

2. Adrenalectomy and oophorectomy 
brought about regression in 2 of the 3 «uses 
in the primary group, one is too receni to 
evaluate. One patient is surviving 29 months 
without evidence of progression of discase. 

3. The remaining patients in the primary 
group who were treated by radical mastec- 
tomy and radiation all displayed rapid pro- 
gression and early death. The average survi- 
val in 8 cases was 7.1 months. 

4. Of the 5 patients with secondary in- 
flammatory carcinoma, who were treated by 
adrenalectomy, 3 had objective remission. 
In 1 case remission lasted 3% years. 
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TH): ETIOLOGY AND MECHANISM OF NUCLEAR 
STRIPPING IN THE ENDOCERVICAL AND 


ENDONASAL EPITHELIUM 


E. H. ABOU-SHABANAH, M.D., F.R.C.S., M.R.C.O.G., and J. GC. ULLERY, M.D., F.A.C.S., 


Columbus, Ohio 


In 1954 PAPANICOLAOU described in the en- 
docervical smear the phenomenon of nuclear 
stripping; that is, nuclei without surround- 
ing cytoplasm. He attributed the presence of 
these stripped nuclei to an apparent exten- 
sive plasmolysis, the etiology of which, he 
labelled, not being fully understood. 

Papanicolaou observed that these stripped 
nuclei are seen more frequently mid-menstru- 
ally in association with a high estrogenic 
index. He also noticed that they appeared 
following the administration of estrogen. 

Eggston and Wolff, on the other hand, 
described a phenomenon similar to plasmol- 
ysis in the nasal epithelium, but their obser- 
vation did not include that objective feature 
of the stripped nuclei. On the contrary, they 
maintained that after the goblet cell has dis- 
gorged itself it collapses, and the nucleus 
which usually has been pushed to one pole 
by the accumulated mucigen migrates to the 
central zone of the cell cytoplasm. According 
to these authors, the cytoplasm retracts 
toward the nucleus after the cell has dis- 
gorged itself, and again it becomes granular in 
character. Such a cell, in their opinion, may 
fill and discharge its contents of mucigen 
many times before it is itself desquamat- 
ed and thrown off as a part of the nasal 
secretion. 

Our purpose in this article is to discuss the 
etiology of nuclear stripping and to illustrate 
the mechanism by which the phenomenon 
takes place not only in the endocervical 
epithelium at a certain phase, but at all 
pliases, and likewise in the nasal epithelum 


‘rom The Department of Obstetrics and Gynecology, The 
O io State University, Columbus, Ohio. 


in both males and females from childhood 
to old age. 


MATERIAL AND METHOD 


The material studied is comprised of sev- 
eral groups of patients from three different 
institutions: Cairo University (1952 to 1955), 
University of Chicago (1955 to 1956), and 
Ohio State University (1956 to 1957). These 
patients, whose number at present exceeds 
300, were observed in the various clinics for 
various studies of obstetric and gynecologic 
nature. Patients were in the child-bearing 
period ranging between 20 and 43 years of 
age. They were all apparently normal; one- 
third being recently married nulliparas and 
the other two-thirds were pregnant primip- 
aras and multiparas. 

Cervical and nasal smears were collected 
2 to 3 times a week from the nonpregnant 
patients, and sometimes daily. From preg- 
nant patients, on the other hand, smears 
were taken during their regular antenatal 
visits. The technique followed in obtaining 
the smears was the same one that had been 
previously used by the same investigators 
2). 

Smears were not fixed nor stained at the 
time of collection, for the then contemplated 
studies did not necessitate such a procedure. 
Lately however, all smears were fixed im- 
mediately after collection and were stained 
by the Papanicolaou stain. The number of 
smears which have been treated in this man- 
ner is at present 200. An additional 200 of 
the smears collected in the past have also 
been stained by the same method. Lately, 15 
children of both sexes ranging from 3 to 10 
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Fic. 1. An endocervical smear taken on the sixth day of 
the cycle, showing small sized mixed variety of epithelium. 
Salt arborization is also present. 


years in age, and 15 elderly males and fe- 
males above the age of 70 years have been 
included in the study. 


RESULTS 


It was noticed that both the endocervical 
and the endonasal epithelium are identical 
in most respects except that a few squamous 
epithelial cells may be found in the normal 
endonasal smear. In both organs the cells are 
the columnar ciliated and the mucoid variety. 
The mucoid cells are of two types: the 
round or cuboid and the columnar. 

This surface epithelium goes through a 
certain limited life cycle which varies from 
24 to 72 hours depending on the cellular 
activity involved and the factors that govern 
this activity. 

The cellular activity which includes the 
elaboration of mucous secretion and ends by 
plasmolysis is independent of gonadal hor- 
mone activity. It is, however, influenced 
thereby. This fact is evidenced by the fol- 
lowing findings: (a) The stripped nuclei are 


Fic. 2. Another unstained endocervical smear taken 
from the same patient as in Figure 1 on the seventh day, 
showing larger epithelium. 


found in the nasal smears of male and female 
children. (b) The phenomenon is likewise 
found in the nasal smears of elderly males 
and females. (c) The same process is also 
found in the cervical and nasal smears dur- 
ing the menstrual flow in regularly and ir- 
regularly menstruating women. 

During gonadal activity in both males and 
females and during the estrogenic and the 
progestational phases of the menstrual cycle, 
nuclear stripping is seen in the nasal smears 
of the former and the cervical smears and the 
corresponding nasal smears of the latter. 

In the late estrogenic phase which is char- 
acterized by a clear watery secretion, the 
stripped nuclei stand out more distinctly and 
also outnumber the cell count. Conversely, 
in the progestational phase of the cycle and 
all through pregnancy as well as under testos- 
terone activity in the male, in whom the 
nasal and cervical secretion is usually mucoi‘ 
and turbid, the stripped nuclei appear to b« 
rather blurred and the cell count is usual! 
higher, 
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\\hen the smears, nasal or cervical, are 
taken daily, the field shows the various epi- 
thelial cells at the varying phases of their life 
cycie. When some cells are small in size, 
others are large being distended with secre- 
tion, while others show the beginning of the 
nuclear extrusion. If the small sized cells 
predominate in one smear, then on the fol- 
lowing day the smear shows predominantly 
large sized cells, and the following day the 
stripped nuclei become the more dominant. 

The process of nuclear stripping varies 
according to the cell type. In the columnar 
ciliated variety, as the cell becomes engorged 
with secretion, the nucleus migrates toward 
the pointed end where it becomes aborted 
sometime before actual lysis of the cytoplasm 
takes place. On the other hand, in the round 
mucoid cell two different mechanisms are 
usually involved. Nuclear stripping occurs in 
some by a similar process to that described 
under the columnar ciliated epithelium, in 
which case the nucleus becomes aborted at 
any part of the cell membrane. Other cells 
show, at first, nuclear fragmentation which is 
then followed by a process of abortion or by 
lysis of the surrounding cytoplasm. The co- 
lumnar mucoid cell, however, usually shows 
nuclear fragmentation, followed by abor- 
tion of the fragments from both ends or, 
more commonly, by lysis of the surrounding 
cytoplasm. The squamous epithelium, how- 
ever, hardly contributes to this process. 

The process of nuclear abortion is as easily 
detected in the unstained smear as it is in the 
stained film, while nuclear fragmentation is 
best seen in the stained smears. 

There is practically no difference between 
the old smears and the fresh smears when 
both are treated by Papanicolaou stain in so 
far as the phenomena of nuclear abortion 
and nuclear fragmentation are concerned. 


DISCUSSION 


Nuclear stripping, whether or not it is 
preceded by fragmentation, is a terminal 
process in the life cycle of the cell. The co- 
lumnar ciliated and the round mucoid epi- 
thelium become engorged with secretion 


Fic. 3. A third unstained endocervical smear taken 
from the same patient as in Figure 1 on the eighth day, 
showing the distended epithelium where the cell mem- 
brane in some is breaking down. 


during the process of their growth. This fea- 
ture becomes apparent, even in the un- 
stained film, when the smears are examined 
daily for a few days (Figs. 1, 2, and 3). On 
the average it takes 2 to 3 days before the 
cells become fully distended with mucigen. 
When, however, some factor is at work to 
influence the nature of the secretion inside 
the cells by which it becomes thin and 
watery, as is the case under high estrogenic 
index, then the ceils become engorged more 
rapidly and much earlier. In either case, 
once the cell has become engorged it bursts, 
and the first part that comes out is the nu- 
cleus while the cytoplasm at this stage is seen 
intact. But while in the former case the 
process is slow and cell desquamation almost 
parallels nuclear stripping, in the latter case 
the nuclei escape long before the cells them- 
selves become actually desquamated. This 
fact accounts for the low cell, high nuclear 
count usually seen under estrogenic domi- 
nance (Figs. 4 and 5) and the high count of 
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Fic. 4. A stained endocervical smear which was taken at 
mid-cycle, showing high nuclear count. Note the clear 
matrix. 

Fic. 5. Another field of the same smear as illustrated 
in Figure 4, showing scattered cells of the columnar 
mucoid type. Notice the presence of nuclear fragmen- 
tation. 


Fic. 5. 


Fic. 7. 


Fic. 6. A stained endocervical smear taken on t!i* 
twenty-second day of the cycle showing stripped nucl: 
Note the turbid matrix. 

Fic. 7. Astained nasal smear from anormal adult healtl. 
male, showing some nuclei already naked, while othe: : 
are in the process of becoming aborted. Note the turb: | 
matrix. 
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Fic. 8. A stained nasal smear taken from a 3 year old __ in the columnar ciliated epithelium and some stripped 
healthy female child, showing the naked nuclei and the _ nuclei. 
nuclear fragmentation. Note the turbid matrix. Fic. 11. A cervical smear taken during the menstrual 
Fic. 9. Another field of same smear (Fig.8);note proc- _ flow. It is unstained to show the irregular fern arboriza- 
es of nuclear abortion in columnar ciliated epithelium. tion which contrary to what is believed does exist during 
Fic. 10. A stained nasal smear taken from an elderly this phase, depending on salt concentration. The dupli- 
f male aged 73, showing the process of nuclear abortion _ cate shows the stripped nuclei very clearly. 
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Fic. 12. The corresponding nasal smear to that shown 
in Figure 6, taken on the twenty-second day of the cycle, 
showing nuclear fragmentation in the columnar mucoid 
and the process of nuclear abortion in the columnar 
ciliated cells. 


both cells and stripped nuclei in all other 
phases. These other phases are either gon- 
adal, such as under progesterone in the fe- 
male (Fig. 6) and testosterone in the male 
(Fig. 7), or nongonadal, as is the case in 
children (Figs. 8 and 9) and the elderly 
males and females (Fig. 10). 

The question then arises as to the nature 
of the factor that governs the activity of this 
type of epithelium from birth up to and in- 
cluding old age. These findings, no doubt, 
exclude gonadal influence as the main factor 
involved. 

Wyburn-Mason has collected a consider- 
able body of evidence to show that the ster- 
oid hormones do not act directly on the 
tissues but act through the trophic nerve 
fibers which run through the posterior nerve 
roots. The effect may be on the trophic fibers 
themselves or on the local nerve plexuses of 
the organs under control. The uterine fun- 
dus like the bladder fundus receives its 
trophic nerve supply from the eleventh tho- 


Fic. 13. An endocervical smear taken on the twenty- 
first day of the cycle from another patient to show nuclear 
fragmentation in the round mucoid epithelium. Note the 
squamous cells which are being folded and still retain 
their nuclei. 


racic to the first lumbar nerves, while the 
cervix and the neck of the bladder, the sig- 
moid, and the rectum receive their fibers 
from the second to fifth sacral nerves. A few 
of the proofs advanced by the author may be 
worth quoting: 


1. Secretion of milk is inhibited by atropine admin- 
istration which blocks cholinergic impulses. 

2. Afferent impulses from the uterus influence 
mammary activity. It has been shown in the rat, that 
distention of the uterus by means of paraffin wax pre- 
vents the secretion of milk after the fetus has been 
removed by cesarean section. 

3. In cases of syringomyelia, on the side of the body 
in which sensory loss and muscle wasting are presen!, 
the breast is either underdeveloped or infantile and 
fails to grow at puberty. In other cases it may be hype: - 
trophied and this may be accompanied by disturbanc: s 
of hair growth on this side. The opposite side in bo: 


. cases is normal. 


4. The castrated male, though dressed in a bathin : 
suit and repeatedly sun-bathed in summer time, do: » 
not become tanned. In the winter, if he is given inje: - 
tions of androsterone, the parts of the skin previous! 
exposed to the sun become tanned while those whic 
had been covered do not. 
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phase, showing round mucoid and columnar ciliated 
epithelium, where nuclei are in process of abortion. 


On the other hand, the gonadal hormones are not 
the only factors that influence trophic nerve activity; 
in addition, there are other agents which act similarly 
and are called the sterol bodies. These include the 
adrenal cortical hormones, vitamin D, cholesterol, 
bile-acids, the cardiac glucosides, certain carcinogenic 
compounds, and the so called ‘‘organizer’”’ of the em- 
bryo. Furthermore, the pituitary hormones, insulin, 
and thyroxin also seem to act in somewhat the same 
manner. 


The autonomic nervous system is only a 
minor part of the much more important 
trophic system. The control of cholinergic 
activity, both trophic and autonomic, ap- 
pears to reside in the anterior and middle 
parts of the hypothalamus while adrenergic 
activity is controlled by the posterior por- 
tion. Since the cells of the neural crest, which 
form the spinal and cranial nerve roots and 
ai tonomic ganglia and the axons of their 
cc'ls, grow into the tissues so early in fetal 
li‘, the trophic supply of tissues is estab- 


Fic. 15. Another field of the same smear as in Figure 14, 
showing the migration of nuclei to the pointed ends before 
extrusion. 


lished very early and remains throughout 
life. This in addition to the influence by the 
nongonadal hormones and the sterol bodies 
can account for the constant finding of the 
process in question.' The same process is also 
seen during the period of the menstrual flow 
in both the cervical and the nasal smears 
when both estrogen and progesterone are at 
their minimum level of action, if any (Fig. 
11). 

The fact that in the columnar mucoid 
variety the process of nuclear stripping com- 
monly follows nuclear fragmentation, which 
is then followed by lysis of the surrounding 
cytoplasm (Fig. 12) is in agreement with the 
finding of Scarpelli. He concluded that the 
DNA (deoxyribose nucleic acid) content of 
the exfoliated vaginal epithelium in mice is 


1Further investigations of pharmacologic and experimental 
neurosurgical nature are currently being conducted at this in- 
stitution. Atropine injections in female dogs blocked the effect of 
estrogenic activity. 
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quite stable within limits and that it outlasts 
the RNA (ribonucleic acid) content in the 
cytoplasm of the cells. The same sequence of 
events also applies to some of the round 
mucoid epithelium in which nuclear frag- 
mentation precedes lysis of the surrounding 
cytoplasm (Fig. 13). In the remainder, how- 
ever, of this round mucoid variety as well as 
in almost all the columnar ciliated epithe- 
lium the nucleus is extruded by a process of 
abortion, for the cytoplasm as is previously 
mentioned is still intact in most cells at this 
stage (Figs. 14 and 15). 

In the light of the new conception, it be- 
comes evident that plasmolysis is a terminal 
process in the life cycle of the cell. It only 
accounts for some of the stripped nuclei. 
Conversely at least half these extruded nu- 
clei in the smears, nasal or cervical of males 
and females at all age groups, become naked 
through a process of abortion or what we 
prefer to call by the term ‘“renept-pert- 
mezia’”’. 

Although the trained observer can detect 
with ease the mechanism previously de- 
scribed in the unstained smear, yet for prac- 
tical purposes it is best to read the stained 
film which raises no uncertainty. The Pap- 
anicolaou stain serves the purpose very well, 
and as far as this process of nuclear stripping 
is concerned there is no practical difference 
between an old or a fresh smear. 


SUMMARY AND CONCLUSIONS 


1. The etiology and mechanism of nu- 
clear stripping have been discussed. The 
phenomenon occurs in the endocervical epi- 
thelium as well as in the endonasal epi- 
thelium. 


*This is the vocalized transliteration of the corresponding 
hieroglyphics for the words “fruit,” “seed,” and ‘“‘abortion’’ in 
honor of Imhotep, the ancient Egyptian and the earliest known 
physician. 


2. The process is not governed in this tvpe 
of epithelium by the gonadal hormones al- 
though influenced thereby. 

3. Nuclear stripping has been found in 
children and elderly males and females. 

4. It also occurs at all phases of the regular 
and irregular menstrual cycle including ihe 
interval of the menstrual flow. 

5. The majority of the columnar ciliated 
and some of the round mucoid epithelial 
cells show the process of nuclear abortion. 
The remainder of the round mucoid as well 
as the columnar mucoid epithelial cells show 
nuclear fragmentation which is then fol- 
lowed by either abortion or commonly by 
lysis of the surrounding cytoplasm. 

6. Nuclear stripping depends on cellular 
activity which is present from birth until 
death. The nature of the intracellular secre- 
tion, however, hastens or delays the process. 

Under estrogenic activity when the secre- 
tion is thin and watery, the cells distend more 
rapidly and burst, discharging their nuclei 
long before they are desquamated. 

7. The factor that basically controls this 
continuous process all through life in males 
and in pregnant and nonpregnant females 
seems at present to be neurogenic. 
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THE USE OF A PLASTIC SPONGE TO SAMPLE 
REGENERATING TISSUE IN HEALING WOUNDS 


LEON C. EDWARDS, M.D., LOUIS N. PERNOKAS, M.D., and 
J. ENGLEBERT DUNPHY, M.D., F.A.C.S., Boston, Massachusetts 


THE QUANTITATIVE sTUDY of healing in ex- 
perimental and clinical wounds has been 
confined largely to the determination of ten- 
sile strength of sutured incisions and planim- 
etry measurements of open wounds. The 
chemical nature of injury and healing was 
the object of intensive investigation earlier in 
this century, particularly in Germany. Only 
in recent years, however, have modern ana- 
lytic techniques been brought to bear on the 
biologic chemistry of wound healing. 

First among the problems of analyzing 
tissue is to obtain the tissue sample. Quan- 
titative studies of the chemistry of the heal- 
ing wound depend upon representative and 
uniform sampling. The simplest and most 
commonly employed means of obtaining tis- 
sue involves the edge to edge excision of a 
previously inflicted standardized surface 
wound. This method permits fairly satisfac- 
tory sampling in 5 to 8 day wounds when 
new tissue is normally abundant and only 
loosely adherent to the adjacent tissues. 
Prior to this time, because new tissue is 
scarce, it is almost impossible to obtain uni- 
form samples. The same is true at any stage 
of repair in animals whose healing ability is 
seriously impaired, regardless of cause. Later 
in healing, the fibrous union of new and old 
tissues makes them difficult to separate, and 
alter healing is complete it is altogether im- 
possible in small animals to distinguish the 
scar grossly from surrounding tissue. 

Other ways to sample granulation tissue 
have been described. The sterile abscess pro- 
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vides granulation tissue which is even less 
accessible than the open wound. Kodicek 
has used tenectomy as a means of creating 
dead space which is subsequently filled with 
granulation tissue. This method suffers many 
of the same disadvantages found in the use 
of open wounds. 

Maximow is said to have obtained speci- 
mens of regenerating connective tissue for 
microscopic study by implanting inert pros- 
theses in the tissues of living animals. Until 
recently, however, subsequent studies of 
connective tissue regeneration as a major 
component of the healing wound have left 
this technique virtually untouched. Schilling 
and Milch (10, 11) have recently obtained 
wound fluid and regenerating tissue for se- 
quential chemical analyses by the use of 
subcutaneously implanted tantalum wire 
cylinders. In 1951 Grindlay published his 
work on the use of a polyvinyl sponge in re- 
constructive surgery. Boucek and Noble (2) 
subsequently described in detail the use of a 
polyvinyl sponge for the isolation and study 
of mature fibrous connective tissue. Struth- 
ers, Grindlay, and Figi have studied the for- 
mation of autogenous bone within the poly- 
vinyl sponge. 

Our experience with biopsy of the open 
granulating wound has convinced us that it 
has significant limitations as a means of ob- 
taining tissue for analysis. This report re- 
cords our experience in the study of normal 
repair, using the implantation of a plastic 
sponge to obtain newly formed tissue. 


METHOD 


Sponges are cut according to the manu- 
facturer’s directions from the large ivalon 
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TABLE I.—ANALYTIC PROCEDURES SHOWN TO BE 
UNAFFECTED BY THE VINYL ALCOHOL POLYMER 
OF THE BIOPSY SPONGE 

Determination Method 

1. Collagen and elastin Lowry et al. . 


2. Total fatty acids, phospholipid Stewart and Hendry * 
3. Total cholesterol, ester 


cholesterol Kingsley and Schaffert * 
4. Glycogen Somogyi * 
5. DNA and RNA Ogur and Rosen - 
6. Nitrogen Conway 
7. Proline Troll and Lindsley x 
8. Hydroxyproline (for collagen) | Neuman and Logan’ x 
9. Hexosamine Elson and Morgan x 

10. Ascorbic acid, dehydroascorbic 


acid, and diketogulonic acid Roe (9) and Kuenther x 
11. Eighteen amino acids Microbiologic 


*Boucek, R. J., and Noble, N. L. (2) (See for refs. to methods). 
x Sears Surgical Laboratory. 


surgical sponge, to a size determined by the 
quantity of tissue needed. Noble and her col- 
league have shown that the tissue obtained 
14 days or more after implantation in a 
single sponge measuring 2 by 2 by 0.8 centi- 
meters is homogeneous with respect to anum- 
ber of chemical determinations. Because it 
seemed likely that this would not be the 
case during the first 2 weeks after implanta- 
tion, which is the crucial period in wound 
healing, we have used separate sponges for 
each determination. In order to present a 
greater surface area relative to the total vol- 
ume of the sponge to the host tissues, a uni- 
form thickness of 3 millimeters was adopted. 
Figure 1 shows the gross appearance of the 
sponge before implantation and a similar 
sponge removed 8 days after implantation. 
These sponges measure approximately 1 by 
1 by 0.3 centimeter. No effort is made to cut 
them precisely to size, but sponges without 
grossly uniform interstices are discarded. 
The dry weight of tissue obtained at any 
interval after implantation is a function of 
the dry weight of the sponge. The sponges 
pictured in Figure 1 provide an adequate 
net dry tissue harvest for both proline and 
hydroxyproline or hexosamine determina- 
tion. Sponges of a smaller size can be used 
for histochemical study. 

The sponges are weighed out of a drying 
oven, placed in distilled water in screw cap 
vials, and autoclaved for 20 minutes before 
implantation. They are implanted through a 


1 centimeter incision in the skin of the ani- 
mal, in the number and at the sites required 
by the experiment. The sponges are inser‘ed 
subcutaneously about a centimeter from the 
skin incision. The back of the animal has 
been used throughout this work. As many as 
8 one centimeter square sponges can be im- 
planted in young adult rats and up to twice 
that number in adult guinea pigs. These are 
harvested at intervals which depend upon 
the experiment. Care is taken not to traverse 
the same incision twice during the course of 
tissue sampling. 

Removal of the sponge biopsy 6 or 8 days 
after implantation is best accomplished by 
penetrating the fascial capsule and dissecting 
out the sponge. Care must be taken not to 
squeeze fluid from the sponge during re- 
moval, which, when it occurs, may introduce 
a substantial error into analyses. The net 
weight of the harvested sponge is recorded, 
even when the subsequent dry weight is all 
that is necessary for the analysis, in order to 
detect possible loss of fluid from the sponge. 
After 6 to 8 days the capsule and connective 
tissue of the sponge interstices constitute a 
continuous fibrous tissue. Removal of the 
capsule is often easier, at this time, after ex- 
cision of the intact specimen. The treatment 
of the material after removal and stripping 
depends upon the analytic procedure for 
which it is wanted. 

Interference by the vinyl alcohol polymer 
of the sponge with tissue analyses has not 
been a problem. The analytic procedures in 
which interference by the sponge has been 
ruled out by blank determinations in this 
laboratory and elsewhere are listed in Table I. 

The sponge biopsy can be used in routine 
histologic techniques of fixation, cutting, and 
staining as well as in a variety of histochern- 
ical procedures, such as the modified Hale’s 
procedure for ground substance used in thie 
sequence reported later. This method renders 
possible the useful correlation of chemic:l 
and histochemical sequences seen in the hea!- 
ing of granulating open wounds in a tissue 
sampling method adopted specifically for i's 
advantages in quantitative chemistry. 
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RES! .TS 

T/e organization of the sponge with fibrous 
connective tissue has been compared with 
the course of healing in open wounds in 
animals. Figure 2 illustrates the important 
microscopic changes which occur between 
the second and fiftieth days after implanta- 
tion. Microscopic examination of sponges 
removed 6 hours to 2 days after implantation 
reveals a moderately intense inflammatory 
reaction in the surrounding fascial capsule. 
The interstices of the sponge contain numer- 
ous polymorphonuclear neutrophils scat- 
tered throughout amorphous granular and 
stringy material which stains pink with eosin 
and a very light blue with Hale’s colloidal 
iron stain (Fig. 2a). The most prominent 
early finding is in the capsule, which is in- 
flamed and contains many engorged small 
vessels, which are seen in Figure 2b. The 
interfibrillary ground substance of the cap- 
sule stains intensely blue by Hale’s method. 
At 4 days (Fig. 2c) fibroblasts have replaced 
inflammatory cells and arescattered through- 
out the sponge, filling the peripheral inter- 
stices entirely. At 6 days (not shown) delicate 
collagen fibers begin to appear, particularly 
in the peripheral interstices, and are seen 
more abundantly throyghout the sponge at 
8 days (Fig. 2d). The tissue has by this time 
achieved a vascularity equal to that of gran- 
ulation tissue in any location. 

The abundance of material which stains 
intensely blue by Hale’s method in the cap- 
sule and between the cells and fibers of the 
sponge throughout the early period of organ- 
ization is much less noticeable by 12 days 
(Fig. 2e), when the sponge appears to have 
received its maximum deposition of collagen 


fibers. After this point a major difference in 


the course of healing in the open wound and 
the sponge is seen. Whereas the open wound 
eventually becomes a contracted, densely 
coliagenous scar, the sponge biopsy remains 
microscopically a loosely collagenous con- 
nective tissue, which after a period of 30 
das or more appears to regress in fiber con- 
tert. At this time partial replacement of 
fib ous by fatty connective tissue occurs. The 


Fic. 1. Left, biopsy sponge before implantation. Right, 
sponge biopsy 8 days after implantation. 


vacuolated region in Figure 2f illustrates this 
phenomenon, which may account in part for 
the surprisingly high lipid content found by 
Boucek and his colleagues (1, 8) in connec- 
tive tissue samples obtained by sponge biopsy 
30 days or longer after implantation. 

Certain quantitative differences between 
tissue samples obtained by open wound 
biopsy and sponge implantation in the rat 
are illustrated in Figures 3 and 4. The loosely 
fibrous microscopic appearance of the sponge 
biopsy is reflected by its deposition of col- 
lagen, plotted in Figure 3, which is approx- 
imately one-half the quantity deposited in 
the open wound of a comparable animal. On 
the other hand, the concentration of hexos- 
amine (Fig. 4) in the sponge biopsy is ap- 
proximately twice that of a comparable open 
wound throughout the course of early heal- 
ing. The reciprocal relationship between col- 
lagen and hexosamine concentrations, which 
is observed within the same tissue specimen, 
as well as in specimens obtained by the two 
sampling methods reported, appears to be 
characteristic of wound healing (4). 

In both Figures 3 and 4, the data plotted 
represent concentrations of the materials per 
unit weight of tissue sample. A special ad- 
vantage of the sponge biopsy method is illus- 
trated in Figure 5. Here the net dry weight 
of tissue obtained is referred to a unit weight 
of implanted sponge and plotted as new tissue 
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Fic. 2. 


formation (one-tenth the actual value for 
convenience in this chart). Analytic data 
providing concentrations of collagen and 
hexosamine are referred to the quantity of 
new tissue formed, and these individual con- 
stituents are plotted as the total accumula- 
tion in the specimen. The healing profile 
obtained contains not only the quality of the 
new tissue with respect to its chemical com- 
position, but also the total quantity of each, 
and the total amount of new tissue produced 
in response to a unit weight of implanted 
sponge. The sponge biopsy, in this fashion, 
adds another dimension to the study of tissue 
growth in healing wounds of animals. Pre- 
liminary studies involving other important 
constituents of healing tissue and the use of 
this technique in man are in progress. 


DISCUSSION 


Our experience in the study of chemical 
and histochemical changes in samples of tis- 
sue obtained by the implantation and subse- 
quent removal of plastic sponges indicates 
that it is a valuable method of sampling 
newly formed tissue, with certain distinct 
advantages over the biopsy of an open 
wound. These studies and other data not re- 
ported here indicate that the organization of 
the sponge interstices with fibrous connective 
tissue, and the healing of an open wound by 
the same process, involve the same biolozic 
response of the animal to injury. Surgical 
parlance differentiates between the open 
wound and the closed wound on the sound 
basis that the two are subject to quite cif- 
ferent clinical courses and complications. !n 
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Fic. 2. a, Peripheral interstices of sponge biopsy 2 days after implantation showing scattered neutro- 
phils and amorphous ground substance (bottom). The tongue of fibrillated mature fascia (top) is a 
part of the inflamed capsule forming about the sponge. Hale’s stain, van Gieson counterstain, X 250. 
b, Fascial capsule 2 days after implantation, showing cellular infiltrate, engorged vessels, and fibril- 
lation of previously compact fascia characteristic of the inflammatory reaction to sponge implanta- 
tion, X500. c, At 4 days inflammatory cells are largely replaced by fibroblasts, which have been 
preceded by migrating capillary endothelium. Fully formed capillaries now appear, and the dark 
interstitial material seen stains intensely by Hale’s method for ground substance. X 250. d, At 8 days 
collagen fibers are abundant and engorged, fragile appearing capillaries are equally as abundant 
as in granulation tissue at any site. 250. e, At 12 days close to the maximum deposition of collagen 
fibers has occurred. In contrast to the surface wound, where a densely collagenous scar develops, the 
organized sponge biopsy remains a loosely fibrous connective tissue. X 250. f, By 50 days after im- 
plantation there is the suggestion of some regression of fibers, and replacement of fibrous by fatty 


connective tissue, represented in this photomicrograph by the vacuolated region. 250. 


the early hours of its history, an open wound, 
unlike the closed wound or sponge biopsy, 
constitutes a naked defect in body integu- 
ment. Provisional closure, however, is rap- 
idly attained by crust formation, and the 
open wound, so long as it is protected by an 
intact crust, is biologically closed. Repair 
proceeds according to the fundamental re- 
sponse of connective tissue to injury, wher- 
ever it occurs in the body. It involves the 
proliferation of intact capillaries and fibro- 
blasts next to the site of injury. For this 
reason the surface wound, closed by a scab 
at its top, heals from the bottom and sides. 
The sponge biopsy, on the other hand, is 
uniformly filled with new tissue growing from 
al! surfaces toward its center. 

The orderly course of tissue growth during 
the first 12 days after implantation, which 
hes been described, depends upon a brisk 
in tial inflammatory response of the tissues 
at the site of implantation. To achieve this 


response, the sponges are prepared for im- 
plantation in sterile distilled water. If isotonic 
saline is used instead, and the sponges are 
placed subcutaneously about a centimeter 
away from the incision, the early growth of 
tissue into the sponge is delayed and varies 
widely in quantity from one sponge biopsy 
to another. Further evidence of the impor- 
tance of tissue injury is seen in the rapid or- 
ganization of sponges implanted at the site 
of muscle injury as compared with sponges 
similarly prepared in saline which are im- 
planted beneath the skin with the least pos- 
sible injury. If the sponge is placed directly 
beneath the skin incision a central swath of 
connective tissue rapidly fills the sponge in- 
terstices along the line of the incision, and 
the regions distant from the incision are more 
slowly organized. This is reminiscent of 
Alexis Carrel’s observation years ago that 
local injury and also the products of local in- 
jury are an essential stimulus for healing. 
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GRAMS PER 100 GRAMS DRY TISSUE 


4 8 12 


DAYS AFTER WOUNDING 


Fic. 3. Comparative curves of collagen concentra- 
tions in open wound and subcutaneously implanted 
sponge biopsies. 


In previous publications (4, 14) the hexos- 
amine content of the healing wound was 
presented as a rough indication of its muco- 
polysaccharide concentration. Additional in- 
formation, including sponge biopsy data ob- 
tained at intervals as short as 6 hours after 
implantation, when there is no new connec- 
tive tissue in the sponge, points strongly to- 
ward the plasma glycoproteins as a major 
source of hexosamine. ‘The reciprocal rela- 
tionship between the falling hexosamine 
curve and the rising collagen curve in nor- 
mal healing should not imply, on the basis of 
present knowledge, a cause and effect rela- 
tion. The usefulness of these curves, plotted 
together, depends upon the characteristic 
normal pattern shown, which is altered in 


o——Sponge Biopsy 
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4 
DAYS AFTER WOUNDING 
Fic. 4. Comparative curves of hexosamine concentra- 
tions in open wound and subcutaneously implanted 
sponge biopsies. 
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Fic. 5. New tissue formation in the sponge biopsy, 
with total accumulation of collagen and hexosamine in 
the specimen. 


abnormal healing. The single most useful 
chemical measurement of healing is the hy- 
droxyproline determination. Because it exists 
in significant quantity only in the collagen 
molecule, it is a reliable index of collagen 
content. Collagen synthesis principally ac- 
counts for the restoration of tensile strength 
to an injured tissue in successful healing. 


SUMMARY 


Chemical and histochemical studies of 
granulation tissue obtained by open wound 
biopsy and the implantation of a plastic 
sponge indicate that connective tissue regen- 
eration elicited by both methods represents 
the same biologic response of tissue to injury. 

The sponge biopsy technique has the fol- 
lowing advantages: (1) It permits a study of 
repair under circumstances which more 
closely approximate primarily sutured 
wounds. (2) It allows one to distinguish 
accurately between newly formed and adja- 
cent old tissue. (3) It adds another dimension 
to the study of repair by quantifying the 
total amount of new tissue formed per unit 
weight of implanted sponge. (4) It permits 
sampling of wound exudate much earlier in 
the cycle of repair than is possible in open 
wounds. 
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THE SURGICAL ANATOMY PERTAINING TO 


LIVER RESECTION 


N. A. GOLDSMITH, M.D., and R. T. WOODBURNE, Ph.D., Ann Arbor, Michigan 


‘THE SURGICAL TREATMENT Of neoplastic and 
traumatic lesions of the liver by resective 
measures has increased in frequency and 
magnitude during recent years. Resections 
of peripheral portions of the liver have been 
performed for many years. W. W. Keen in 
1899 recorded 3 of his own cases and 73 
others collected from the literature. The 
method used in these local resections was, 
for the most part, wedge removal followed 
or preceded by control of the’cut surface 
through ligatures, tourniquets, or sutures. 
Raven and Lortat-Jacob were among the 
first to report removal of large segments of 
liver by truly anatomic techniques in which 
ligation of the important vessels was achieved 
at an early point in the operation. Since 


these 2 reports, their results have been 


duplicated by others. 

In major hepatic resections, relative free- 
dom from morbidity and mortality is de- 
pendent to a considerable extent upon ad- 
herence to sound surgical principles and 
anatomic facts. The late results of major 
liver resections, particularly where malig- 
nant neoplasms are concerned, remain to be 
determined after the accumulation of more 
cases. 


METHOD 


Thirty-three human livers from indi- 
viduals of all ages were obtained during 
necropsy examinations conducted by the 
University of Michigan Department of 
Pathology. No grossly abnormal specimens 
were studied. Injections of 2 to 4 of the 
systems (bile ducts, hepatic artery, portal 
vein, and hepatic veins) were made with 


colored vinyl acetate solutions. After hard- 


From the Departments of Anatomy and Surgery, University 
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ening of the vinyl acetate, a preliminary 
dissection of major branches provided in- 
formation on the topographic relations of 
the major vessels and ducts. Further cor- 
relations were made by fluoroscopic ex- 
amination after 1 of the injected systems 
had been filled with a mixture of barium 
sulfate and vinyl acetate. Corrosion in 
hydrochloric acid then allowed the paren- 
chyma to be washed away from the casts of 
the tubular systems. Additional dissections 
were carried out in the anatomic labora- 
tories upon livers in cadavers. 


FINDINGS 


The division of the liver into 2 lobes can 
be made between the terminal venules of 
the right and left branches of the portal 
vein within the hepatic parenchyma. ‘This 
line has been observed and described by 
Elias and Petty, Healey and Schroy, 
Hjortsj6, McIndoe and Counseller, and Rex. 
The fundamental division between the right 
and left lobes is along a line which passes 
through the long axis of the fossa for the 
gallbladder and toward the middle of the 
inferior vena cava as it lies in contact with 
the liver posteriorly. The right lobe shows 
2 distinct segments as does the left lobe. 
Each of the 4 segments has been further 
divided so that a total of 8 subsegments 
can be recognized. The segments and sub- 
segments are established by the constant 
divisions of the portal vein within the liver. 
The hepatic artery and bile ducts arborize 
in a manner which is closely similar to that 
of the portal vein. 

The right branch of the portal vein varies 
in length from 0 to 3.0 centimeters depen:!- 
ing at what point the anterior and posterior 
segmental branches arise (Fig. 1). Normally, 
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the r. ght branch of the portal vein divided 
as in Figures 1 and 2a into anterior and 
posterior segmental branches, and these 
distribute respectively to liver segments 
which take the names of anterior and pos- 
terior segments of the right lobe. The an- 
terior segment is represented on the surface 
convexity of the liver by the anterior and 
superior parts of the diaphragmatic surface 
of the right lobe. Very little of the posterior 
segment is seen from an anterior view, since 
the free surface of this segment is on the 
visceral surface of the liver. The line be- 
tween the right anterior and posterior seg- 
ments can be better appreciated from a 
right lateral view through the superimposed 
thoracic cage. From this angle, a line through 
the right eighth intercostal space will pro- 
ject onto the liver the plane separating the 
anterior and posterior segments of the right 
lobe. The anterior and posterior segments 
can each be subdivided into superior and 
inferior subsegments by further divisions 
of the radicles of the hepatic trinity. In those 
specimens having a very short or nonexistent 
right branch of the portal vein, a trifurca- 
tion of the portal vein proper seems to occur 
forming right anterior and right posterior 
segmental branches, and the left branch of 
the portal vein. This degree of shortness 
of the right branch of the portal vein has 
practical significance and may be seen in 
portal vein roentgenograms (Fig. 2b) made 
after percutaneous splenic injections of 
urokon®. 

The left branch of the portal vein deter- 
mines the left lobe of the liver. Rather than 
being divided into 2 branches as is typical 
for the right branch of the portal vein, the 
left branch distributes by means of several 
radicles into the medial and lateral seg- 
ments of the left lobe. The main trunk of 
the left branch of the portal vein is separated 
into a transverse portion and an umbilical 
portion (Fig. 1). The transverse part is 3.5 
centimeters long in the adult and is there- 
for: always somewhat longer than the right 
brinch of the portal vein. The umbilical 


-pa:t curves forward as the continuation of 


the transverse part; it lies in the umbilical 
fissure and ends bluntly in an attachment 
to the ligamentum teres hepatis. From the 
concave side of the curve between the trans- 
verse and umbilical parts of the left branch 
of the portal vein, 3 or 4 radicles arise 
which supply portal blood to the medial 
segment of the left lobe. The medial seg- 
ment of the left lobe of the liver lies between 
the interlobar line and the falciform liga- 
ment. From the convex side of the left 
branch of the portal vein there are 2 impor- 
tant branches which supply the lateral seg- 
ment of the left lobe. This segment is the 
part of the left lobe which extends to the 
left of the falciform ligament and the um- 
bilical fissure. The medial and lateral seg- 
ments of the left lobe are each divisible 
into superior and inferior subsegments. ‘The 
inferior subsegment of the medial segment 
is better known as the quadrate lobe. 
The ligamentum teres and ligamentum 
venosum are of value as surgical landmarks 
on the visceral surface of the left lobe. As 
shown in Figure 1, these 2 ligaments, con- 
necting as they do to either end of the um- 
bilical portion of the portal vein, form a 
continuous line from the anterior to the 
posterior edge of the liver and divide the 
left lobe into medial and lateral segments. 
The location of both ligaments and the 
umbilical part of the vein is indicated by a 
continuous groove on the surface of the 
liver containing these 3 structures. This 
groove is divided into an anterior part, the 
umbilical fissure, and a posterior part, the 
fissure for the ligamentum venosum. From 
the visceral surface the umbilical fissure is 
at times partly closed over by parenchyma, 
but the ligamentum teres can always be 
traced through it to the umbilical part of the 
portal vein. Continuing posteriorly in the 
same line and adjacent to the left edge of 
the caudate lobe is the fissure for the liga- 
mentum venosum. The ligamentum veno- 
sum is attached at one end to the umbilical 
part of the portal vein and at the other end 
to the left hepatic vein. The ligamentum 
teres and the ligamentum venosum are the 
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Fic. 1. The liver in transparency to show the branching and relative position of the parts of the 


portal and hepatic veins. 


adult remnants of a fetal vascular by-pass 
for blood from the umbilical cord. The 
ligamentum venosum is somewhat concealed 
because into its fissure is attached that part 
of the lesser omentum which passes to the 
proximal half of the stomach. By tracing 
these ligaments the left branch of the portal 
vein, the left hepatic vein, and the segments 
of the left lobe can be identified. 

As shown in Figure 3, there isa comparable 
pattern in the branches of the hepatic 
artery and the bile ducts, each of which 
divides so as to distribute in the same seg- 
mental and subsegmental fashion as the 
branches of the portal vein. The branching 
of the bile ducts, however, does not always 
exhibit the complete regularity recorded in 


Figure 3. What has been illustrated is the 
simplest and most frequent pattern. ‘The 
segmental and subsegmental divisions of 
the ducts are at times more proximally 
located than shown. Thus, for example, 
the right and left hepatic ducts may be 
very short and in certain instances may be 
lacking. Frequently on the right side the 
anterior and posterior segment ducts pass 
separately to the common hepatic duct in 
the hilum of the liver and never unite to 
form a right hepatic duct. This pair of 
aberrant ducts is related to the right branch 
of the portal vein in nearly the same wy 
that the right hepatic duct would have be n 
related to the vein had it been formed. .\s 
pointed out by Moosman and Coller, one of 
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Fic. 2. a, A splenoportogram illustrating the usual primary and secondary branching of the portal 


vein. b, A splenoportogram showing an extremely short right branch of the portal vein so that an 
apparent trifurcation of the portal vein results (from patient having Gaucher’s disease). The upper 
arrow indicates the right anterior segmental branch and the lower arrow, the right posterior seg- 


mental branch. 


these smaller “‘replacing ducts” will enter 
the common hepatic duct in a low position 
in about 16 per cent of specimens and be 
vulnerable to damage during dissections of 
this part of the hilum. These deviations 
from the normal are properly termed aber- 
rant rather than accessory ducts. Aberrant 
ducts do not duplicate the function of 
another duct, and they are indispensable to 
the function of the area they drain. 

Similar variations in the branches of the 
hepatic artery are produced by differences 
in the position of its subdivisions. Thus at 
times, named branches will be found greatly 
shortened or absent, and when absent, a 
pair of vessels will substitute for the usual 
branch. Important variations of the hepatic 
artery occur in the hilum in a significant 
number of cases. Aberrant hepatic arteries 
in these cases arise from either the left gastric, 
the celiac, or the superior mesenteric arteries. 
Such aberrant branches represent the sole 
arterial supply to a lobe, a segment, or a 
subsegment. Hilar dissection of these aber- 
rant vessels prior to corrosion of the speci- 
mens nearly always indicated their ultimate 
d:stribution within the liver. 

A frequent question arises as to whether 
tiere are interarea anastomoses. No anas- 


tomoses were observed of sufficient size or 
number to support an area having occluded 
arteries or ducts. Thus, continued function 
or survival of a lobe, segment, or subseg- 
ment is not to be anticipated if, in the course 
of an operation, the vessels or ducts supply- 
ing such an area have been compromised. 

The hepatic veins have been less fre- 
quently investigated than have the other 
systems in the liver. That they are no less 
important is obvious. The general distribu- 
tion of the hepatic veins is relatively con- 
stant, but, with the possible exception of 
the left hepatic vein, the major hepatic 
veins do not drain the same areas which are 
defined by the branches of the portal vein, 
the hepatic artery, and the bile ducts. As 
shown in Figure 1, the right hepatic vein 
lies in the intersegmental plane between the 
right anterior and right posterior segments. 
The right hepatic vein drains nearly all of 
the posterior segment and only a part of 
the anterior segment of the right lobe. The 
middle hepatic vein lies in the plane be- 
tween the right and left lobes of the liver. 
The middle vein drains roughly one-third 
of the liver, the portion composed of a large 
part of the anterior segment of the right 
lobe and all of the medial segment of the 
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left lobe. The left hepatic vein confines 
its drainage almost entirely to the lateral 
segment of the left lobe. 

Examination of the hepatic part of the 
inferior vena cava reveals additional in- 
formation regarding the hepatic veins. As 
shown in the illustrations, the middle hepat- 
ic vein joins the left hepatic vein to form a 
common stem about 1 centimeter long be- 
fore entering the inferior vena cava. This is 
the case in about half of the specimens. The 
remainder of the cases show a much shorter 
stem than is indicated and at times almost 
separate openings of the right, middle, and 
left hepatic veins into the vena cava. In- 
ferior to the openings of the right, middle, 
and left hepatic veins are found the open- 
ings of 12 to 15 smaller hepatic veins which 
drain into the vena cava. All of these are 
small except the lowest one on the right. 
The lowest hepatic vein on the right may 
be 8 millimeters in diameter and it drains 
the exposed visceral surface of the posterior 
segment of the right lobe. This vein is 
sometimes visible through the capsule of the 
liver. The lowest veins on the left which 
enter the hepatic part of the vena cava 
drain the caudate lobe. 

No anastomoses of significant size or 
number were found between radicles of the 
hepatic vein system. This fact leads to a 
fundamental difficulty in a hepatic resec- 
tion of segmental or lobar extent. It is not 
possible to section the liver to the right of 
the falciform ligament in an entirely satis- 
factory plane so that all of the tissue left 
behind will retain its blood supply and bile 
and venous drainage. The reduction of 
sequestered tissue to a minimum will, how- 
ever, materially reduce the morbidity and 
complications of liver resections. Various 
complications secondary to sequestered he- 
patic parenchyma have been noted in the 
literature and include jaundice, bile leak- 
age, and delayed hemorrhage. The serious 
results of deprivation of hepatic venous 
drainage are illustrated on a large scale by 
the hepatic vein thrombosis of the rare 
Budd-Chiari syndrome in which ascites, 


jaundice, and death are frequent. It is likely 
that similar effects may follow traum.: to 
the remaining major hepatic veins «ifter 
hepatic resection. 

Reference to Figures 1 and 4 will show 
that the liver is best divided along the para- 
segmental or paralobar planes. Paralobar 
plane R in Figure 4, is the plane of choice for 
right hepatic lobectomy. The middle hepatic 
venous trunk lies in the interlobar plane 
directly beneath the middle of the gall- 
bladder fossa. By keeping to the right side of 
the middle hepatic vein, the branches which 
drain blood from the medial segment of the 
left lobe are not severed. After such a divi- 
sion there remains along the side of the 
middle hepatic vein a thin slice of right lobar 
parenchyma. This tissue has, of course, been 
deprived of its afferent blood supply and 
bile drainage, but through it can be placed 
the sutures required for hemostasis and re- 
peritonealization of the cut edge. More im- 
portant is the fact that the large medial 
segment of the left lobe has been protected 
from loss of its hepatic venous drainage. 

Paralobar plane Lin Figure 4 represents 
the line of choice in the performance of a 
left lobectomy. This plane begins slightly to 
the left of the gallbladder and passes on the 
convex surface of the liver toward the left 
triangular ligament and the stem of the 
left hepatic vein. On the visceral surface, 
the plane passes through the point at which 
the left primary branches of the portal vein, 
hepatic artery, and bile duct are to be 
divided. It is continued dorsalward toward 
the fissure for the ligamentum venosum 
which is revealed by retracting the Ilcft 
edge of the caudate lobe. By staying to the 
left of the middle hepatic vein during a Icft 
lobectomy, the middle hepatic vein branches 
which drain a large portion of the anterior 
segment of the right lobe will have becn 
preserved. 

Most writers describing resections of the 
lateral segment of the left lobe have ir- 
dicated that the line of section should pas 
through the umbilical fissure. Reference t 
Figures 1 and 3 demonstrates that such + 
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Fic. 3. The common branching pattern of the portal vein, hepatic artery, and bile duct radicles 
in the liver. Portal vein, stippled; hepatic artery, black; bile duct, white. 


plane will open the umbilical part of the 
portal vein tangentially and run the serious 
risk of severing or ligating the hepatic artery 
and bile ducts which supply the medial 
segment of the left lobe. It is true that in 
following the fissure, the amount of hepatic 
parenchyma sectioned is less than in the 
plane to be described, but the later effects 
of sequestration of the entire medial seg- 
ment is a more serious problem than is 
the immediate one at the operating table. 
The correct plane for removal of the lateral 
segment of the left lobe is indicated in 
Figure 4 as L. By passing 1 centimeter to 
the left of the umbilical fissure only ter- 
minal branches into the lateral segment are 
cut, and there is no hazard to the medial 


segment ducts and vessels lying in the um- 
bilical fissure. 

The caudate lobe is best treated as an 
individual area. It is a pedunculated lobule 
of liver which lies in direct contact with the 
left side of the inferior vena cava, and which 
may extend posterior to the vena cava for a 
variable distance. The branches of the por- 
tal vein to the caudate lobe are 2 in num- 
ber. They arise from the right and left 
branches of the portal vein in the hilum of 
the liver and pass directly posteriorly into 
the caudate lobe. The arteries and ducts 
are variable in origin. In Figure 3 the 
caudate arteries are shown arising from 
both the right and left branches of the hepat- 
ic artery. Both bile ducts from the caudate 
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lobe are shown draining to the left hepatic 
duct. However, the arteries and ducts may 
also be derived bilaterally from the right 
and left branches of each system in a man- 
ner which is comparable to the portal vein 
branches to the caudate lobe. Retraction of 
the tip of the caudate lobe away from the 
liver usually indicates the position of these 
structures as they traverse the hilar con- 
nective tissue. The hepatic vein or veins 
from the caudate lobe enter the left side of 
the inferior vena cava. 

The planes of section indicated in Figure 
4 represent necessary compromises which 
avoid leaving behind large areas of paren- 
chyma without adequate circulation of blood 
and bile. These lines are paralobar or para- 
segmental as the case may be and afford a 
suitable margin of parenchyma to protect 
important structures that will not be visual- 
ized. It is obvious that these anatomic prin- 
ciples may require modification by the 
surgeon to fit the lesion being resected. In 
their early stages, most parenchymal tu- 
mors will be directly related to the vascular 
and ductal distribution of the liver, there- 
fore, they will not cross the planes between 
areas. However, the later growth of tumors 
or the extension of traumatic lesions may 
cross the lines between segments and lobes, 
and this may necessitate improvisation at 
operation. Some of these more advanced 
lesions will be treated by removal based on 
modifications derived from the anatomic 
data more advantageously than by simply 
following the contour of the lesion. A situa- 
tion which required such a change of tech- 
nique is illustrated in the following con- 
densed case report. 


L. T., white male, aged 51 years, was first seen at 
the University Hospital in October 1950 for the com- 
plaints of “dizziness, nausea, and left chest pain.” 
These complaints had been present for 1 month dur- 
ing which he also noted intermittent dark urine and 
pruritis. There was no history of chills, fever, or 
jaundice. Past history revealed infectious hepatitis 
(1909) and treatment for arthritis (1948). Alcoholic 
beverages were rarely consumed. 

Physical examination revealed good nutrition. 
Spider angiomas were found on the skin of the hands 


and anterior chest. The liver extended 4 centireters 
below the costal margin and was tender. The: was 
atrophy of the right testis. No other abnorni. lities 
were detected. 

Laboratory studies included complete blood « sunt, 
urinalysis, Kahn test for syphilis, glucose tole: ance 
test, and several tests commonly employed to ceter- 
mine the state of liver function. The results of these 
studies were all within normal ranges. There was no 
laboratory evidence of bilirubinemia. 

X-ray studies indicated that the upper gastro- 
intestinal tract, colon, and skull were normal. The 
gallbladder was not opacified on roentgenograms 
after the Graham-Cole test. 

A presumptive diagnosis of atrophic cirrhosis of 
the liver was made, and dietary supplementation 
was prescribed. The patient continued for the next 
4 years to be troubled by numerous vague subjective 
symptoms including abdominal distress which later 
was related to ingestion of fatty food. In November 
1955 he was admitted to the hospital. Physical ex- 
amination showed no changes from 1950. The cutane- 
ous vascular spiders, enlarged liver, and atrophic 
right testis were still present. All of the earlier lab- 
oratory studies were repeated and gave results that 
were within normal limits. Roentgenograms indicated 
the upper gastrointestinal tract to be normal. X-ray 
examination of the gallbladder showed no visualiza- 
tion after 2 attempts following the Graham-Cole test. 
As a result of these findings, a diagnosis of chronic 
cholecystitis was made and cholecystectomy was 
advised by a surgical consultant. 

On December 12, 1955, a laparotomy was per- 
formed through a right subcostal incision (Dr. R. E. 
L. Berry). Abdominal exploration was negative 
except for the liver and gallbladder. The gallbladder 
contained about 40 small, faceted stones. Originating 
in the midportion of the gallbladder wall and ex- 
tending directly into the parenchyma of the liver was 
a 2 by 2 by 3 centimeter light yellow colored neo- 
plasm. A frozen section of this tumor was reported 
as adenocarcinoma. The lesion described was the only 
apparent involvement. The incision was then ex- 
tended from the midpoint of its upper edge into the 
right seventh intercostal space. The diaphragm was 
incised as far as the inferior vena caval opening. 
Dissection of the fat and lymph nodes from the gasiro- 
hepatic ligament was performed. The cystic duct was 
divided. The right hepatic artery, right portal vein, 
and right hepatic ducts were identified, ligated, and 
divided in that order. The liver was displaced to the 
left after dividing the right triangular ligament and 
the small hepatic veins entering the right side of ‘he 
inferior vena cava were ligated and divided. The riy ht 
hepatic vein was exposed and ligated. The par:n- 
chyma was sectioned from posterior to anterior beg'n- 
ning in a plane just to the right of the interlobar li:c. 
After passing through the area where the right hii ir 
structures had been divided, the line of incision  :s 
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Fic. 4. The recommended surgical planes of the liver in relation to the portal and hepatic veins. 
R indicates the plane of preference for a right lobectomy; L, for a left lobectomy; L, for a left 


lateral segmental resection. 


turned toward the falciform ligament so that the 
gallbladder and all of the quadrate lobe (inferior 
part of the medial segment) were removed. Several 
vessels and ducts on the cut edge were suture ligated, 
and a flap of diaphragmatic peritoneum was sutured 
in place over the cut edge of the liver. Double lumen 
and Penrose drains were placed below the diaphragm 
and a pleural catheter was placed in the ninth inter- 
costal space. Blood replacement consisted of 3,500 
cubic centimeters. 

The pathologist’s report read: “‘Poorly differen- 
tiated adenocarcinoma in part forming mucin. The 
neoplasm involves the gallbladder wall. Some areas 
suggest metaplasia to squamous type. The primary 
site appears to be in the gallbladder with direct ex- 
tension into liver. Cholelithiasis.” 

The postoperative course was uneventful. The 
drains were removed on the sixth postoperative day. 
The serum bilirubin was 13.3 milligrams per cent on 
the second postoperative day and had dropped to 
normal before discharge on the eighteenth post- 
operative day. 

‘he patient returned 3 months later with a 6 by 6 
by 7 centimeter mass in the abdominal wall incision. 
Ths was excised from the layers of the abdominal 
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wall. Exploration did not reveal any intraperitoneal 
recurrence. 

Eight months after the hepatic resection the pa- 
tient was admitted with jaundice of 6 days’ duration. 
After studies established that the bilirubinemia was 
of obstructive origin, a laparotomy was done. The 
remaining liver had hypertrophied to fill about three- 
fourths of the void created by the earlier resection. 
There was an 8 by 5 by 4 centimeter recurrence of 
neoplasm involving the hilum of the remaining liver 
to such a degree that neither a resection nor a pal- 
liative biliary intestinal anastomosis could be done. 
The exploration was well tolerated and the patient 
was discharged on the seventeenth postoperative day. 

After the third operation, the patient’s health 
steadily declined and he succumbed from recurrence 
of the adenocarcinoma of the gallbladder 11 months 
after the hepatic resection. 


The outcome of this case was distressingly 
typical of cases of advanced gallbladder 
carcinoma and suggests the importance of 
cholecystectomy as cancer prophylaxis in 
the presence of gallbladder calculi. The case 
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illustrates one modification of technique 
made necessary by a lesion which crossed 
the interlobar line. The excellent tolerance 
of the patient for the resection was depend- 
ent to some extent upon proper applica- 
tion of anatomic knowledge. 

It will be possible by virtue of adequate 
blood replacement, antibiotics, and im- 
proved surgical techniques to gain enough 
experience with major hepatic resections to 
allow the indications for the use of such 
operations to be more accurately deter- 
mined in the future. The anatomic facts 
related to such procedures have been pre- 
sented to aid the surgeon in forming a 
technique applicable to the case at hand. 


SUMMARY 


The intrahepatic anatomy of the bile 
ducts and hepatic arteries was found to be 
closely related to the branching of the portal 
vein. The hepatic veins lie in planes which 
are intermediate between the areas de- 
lineated by the branches of the portal vein. 
Application of these facts shows that the 
optimum plane of section for a hepatic re- 
section is either paralobar or parasegmental 


as the case may be. Strict adherence to 
these favorable anatomic planes will «void 
isolation of large areas of liver from ‘heir 
proper blood vessels and bile ducts anc can 
be expected to aid in preventing the com- 
plications of such deficiencies. 
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STUDY OF SERUM PROTEINS WITH 


PAPER ELECTROPHORESIS 


Part I. Studies on Quantitation with Elution and 


Densitometry Techniques 


LLOYD J. LEMMEN, M.D., F.A.C.S., THOMAS A. GIGLIOTTI, B.S., and 
EMERICH M. MULICH, Pittsburgh, Pennsylvania 


MEASUREMENT OF PROTEIN PATTERNS in 
paper electrophoresis with densitometry is 
less time-consuming than elution measure- 
ments of the separated fractions. Since pre- 
vious study suggested that a precise measure- 
ment of the protein fractions could be made 
in dye units,’ a parallel study was made 
with a densitometer in which the scanner 
count was used to correspond to the dye unit 
measurement. In order to compare these two 
methods of measurement, investigations 
were carried out with sera and solutions of 
single and combined protein fractions. These 
solutions were examined under uniform dis- 
tance of electrophoretic separation with var- 
iations in protein concentrations. 


MATERIAL AND METHODS 


Aliquots of sera and solutions of single and 
combined protein fractions were separated 
by paper electrophoresis as previously de- 
scribed (technique C).' After staining in the 
usual manner, rinsing of the paper strips was 
carried out in 3 changes of 5 per cent glacial 
acetic acid for 5, 5, and 10 minutes. The 
papers were dried for 10 minutes in a 110 to 
120 degree C. oven. The densitometry of the 
paper strips was measured in a commercial 
recorder-integrator. The filter paper was cut 
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to correspond to the points of separation 
noted in the electrophoretic pattern ob- 
tained with the scanner. Elution of the sep- 
arated fractions was carried out as previously 
described.! Measurements were made in a 
Coleman Model 14 spectrophotometer pre- 
viously calibrated with increments of bromo- 
phenol blue (Fig. 1). The albumin and 
gamma globulin and serum fractions were 
corrected with a blank value obtained by 
elution of 2 centimeters of adjacent non- 
protein containing filter paper. Human al- 
bumin and gamma globulin were made to 
contain 0.5, 1, 2, 3, and 4 grams per cent in 
barbital buffer. Biuret determinations were 
made on these dilutions to verify the correct- 
ness of the dilution. Human serum was di- 
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Fic. 1. Graph shows relationship between dye units 
(micrograms of bromophenol blue in 10 c.c. volume) and 
optical density reading of Coleman spectrophotometer. 
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Fic. 2. Relationship between dye units and scanner 
counts and the grams per cent of electrophoretically 
separated human albumin fraction and albumin tail. 

Fic. 3. Relationship between the dye units and scan- 
ner count and the grams per cent of the electrophoretical- 
ly separated gamma globulin fraction. 


luted with barbital buffer to 3 grams per 
cent. Ten lambda aliquots of these protein 
fractions, undiluted and diluted 3 grams per 
cent serum were separated simultaneously 
with one strip to which was applied 10 
lambda of either 1 gram per cent albumin or 
1 gram per cent gamma globulin and 10 
lambda of 3 grams per cent diluted serum. 
Separation of the protein fractions of the 
serum varied from 9 to 15.4 centimeters. 
The data are expressed in dye units, per- 
centage dye units, scanner counts, and per- 
centage scanner counts (Figs. 2 and 3 and 
Tables I and II). 


RESULTS 


In this study it was found that under the 
distance of separation employed, the dye 
units and scanner counts correlated with the 


200 4 —— GAMMA GLOBULIN DYE UNITS // 
GAMMA GLOBULIN SCANNER 
190 COUNT 


180 
170 7 
160 + 
150 - 
140 4 / 
130 4 
120 - 
110-4 
100 4 i 
‘ 
90 7 hi F 
80 4 / 
70 
60 - 7 
504 
40 


DYE UNITS SCANNER COUNT 


2 3 4 5 
GAMMA GLOBULIN GM% 
Fic. 3. 


nitrogen content of the electrophoretically 
separated human albumin and gamma glob- 
ulin (Figs. 2 and 3). In this study the dye 
units had less variation than the scanner 
counts (typical data: 4 gm. per cent al- 
bumin: dye units, s.e.m.=3.58, scanner 
count, s.e.m. = 14.18; 4 gm. per cent gamma 
globulin: dye units, s.e.m.=2.67, scanner 
count, s.e.m. =10.07). This higher standard 
error of the mean in densitometer measure- 
ments limits the usefulness of this method in 
research problems. 

The numerical values of the protein fr..c- 
tions in dye units and scanner counts are |e- 
pendent in part on the distances of separa- 
tion of the protein fractions. The greater the 
separation of the protein fractions the sma! er 
will be the numerical value of the albun in 
because of the increased loss of this fraction 
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TABLE I.—DATA ILLUSTRATES THE MEASUREMENT OF 1 GRAM PER CENT HUMAN ALBUMIN ADDED TO 
HUMAN SERUM DILUTED TO 3 GRAMS PER CENT 


Measured 
No. of Total Mean value, Total albumin of Mean per cent 
determi- Meanvalue protein, scanner protein, total protein, Mean per cent scanner 
nations dye units gm. percent count gm. per cent gm. per cent dye units count 
Serum, 3 gm. per cent-+ 
albumin, 1 gm. percent 10 70.4 = 2.9 83.1 = 2.9 2.9 =72.50 66.72 60.43 
4.0 
$.¢.m. 2.31 8.08 0.88 1.20 
Serum, 3 gm. per cent 10 40.9 = 19 52.9 = 1.7 1.9 =63.34 60.75 48.94 
3.0 
1.7 =56.66 
3.0 
$.e.m. 1.77 8.55 3.24 3.13 
Measured difference 1.0 1.2 


Discrepancy in percentage of albumin of total —_ can be seen in the data based on measurement with dye units or scanner count and based 
on the mean values of percentage dye units and percentage scanner counts. 
s.e.m,=standard error of the mean in small samples. 


TABLE II1.—DATA ILLUSTRATES THE MEASUREMENT OF 1 GRAM PER CENT HUMAN GAMMA GLOBULIN 
TO HUMAN SERUM DILUTED TO 3 GRAMS PER CENT 


Measured 
No. of Total Mean value, Total albumin of Mean per cent 
determi- Mean value protein, scanner protein, total protein Mean per cent scanner 
nations dye units gm. per cent count gm. per cent gm. per cent dye units count 
Serum, 3gm.percent+ 12 30.96 = 1.55 61.08 = 1.5 1.55 =38.75 34.81 38.59 
gamma globulin, 4.0 
1 gm. per cent 1.5 =37.50 
4.0 
s.e.m. 1.32 5.77 1.22 1.72 
Serum, 3 gm. per cent 12 10.66 = 0.6 20.73 = 0.6 0.6 =20.00 15.29 17.03 
3. 
s.e.m. 0.60 1.76 0.75 0.63 
Measured difference 0.95 0.9 


s.¢.m.=standard error of the mean in small samples. 


in the longer albumin tail.'! Furthermore, 
this study supported previous observations 
that human albumin binds a greater quan- 
tity of bromophenol blue than does gamma 
globulin. The addition of 1 gram of human 
albumin or gamma globulin to diluted serum 
could be rneasured in dye units and scanner 
counts in the experiments (Tables I and II). 
When one makes a comparison of the ratio 
made with the total protein with the meas- 


ent solutions of proteins. The experimental 
data indicated suggest that this assumption 
is not correct. 


SUMMARY 


1. A comparative study of the measure- 
ments of paper electrophoresis revealed that 
elution permitted a more precise measure of 
the protein fractions than densitometry 
measurement. 


ured albumin in dye units and scanner count, 
there is revealed a striking discrepancy 
with the ratio based on the dye binding 
capacity of the albumin fraction (percentage 
dye units and percentage scanner count) 
(Tables I and II). In the percentage dye and 
percentage scanner count one assumes that 
the total dye units and total scanner count 
can be related to the total protein of differ- 


2. Dye unit and scanner count permitted 
measurement in terms of nitrogen content 
(biuret method) of the human albumin 
and the gamma globulin added to human 
serum. 

3. Percentage dye unit and percentage 
scanner count did not permit precise meas- 
urement of the albumin added to human 
serum. 
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A COMPARISON OF ANILERIDINE, MORPHINE, AND 


MEPERIDINE IN MAN 


ROBERT D. DRIPPS, M.D., RONALD A. MILLAR, M.D., and 
DOROTHY H. KNEALE, R.N., Philadelphia, Pennsylvania 


‘THERE Is A CONTINUING SEARCH for potent 
analgesic drugs, the ultimate goal being a 
compound which can produce pain relief 
without side actions. One of the newest 
narcotic analgesics is anileridine. This sub- 
stance is a derivative of meperidine (demerol) 
(Fig. 1). 

Studies of anileridine in animals have 
shown it to be more potent than meperidine 
but less potent than morphine in the relief 
of experimental pain. Its side actions were 
also reported to be less frequent, of shorter 
duration, and not as severe. The compound 
therefore seemed worthy of observation in 
man. 

In the present report the actions of aniler- 
idine have been compared to those of mor- 
phine and meperidine. The ability of these 
drugs to relieve immediate postoperative 
pain and restlessness was recorded in 415 
patients. The respiratory and circulatory 
effects of anileridine were measured in 
normal volunteers. The drug was also given 
intravenously to patients during spinal 
anesthesia to produce somnolence, and to 
patients receiving nitrous oxide anesthesia 
in order to increase the potency of this 
anesthetic. 

Anileridine proved to be midway be- 
tween morphine and meperidine as an 
analgesic or in the relief of restlessness. It 
caused less circulatory depression than either 
of the other analgesics. Respiratory de- 
pression was evident, but was of briefer 
duration than following morphine or me- 
peridine. 

From the Department of Anesthesiology, University of Penn- 
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THE TREATMENT OF IMMEDIATE POSTOPERA- 
TIVE PAIN AND RESTLESSNESS 


As patients emerge from general anesthe- 
sia many are restless. They mumble inco- 
herently, cry out, or scream. Their move- 
ments are inco-ordinate and aimless, and 
they may vigorously resist restraints. Oc- 
casionally wildness or delirium is evident. 
Control of the patient then becomes dif- 
ficult and therapy is urgently needed. The 
cause of this restlessness may be localized 
pain in the incision, or generalized dis- 
comfort secondary to such factors as a dis- 
tended urinary bladder or prolonged main- 
tenance of one position. Repressed fears and 
anxiety may play a role. 

Regardless of the etiology, one thera- 
peutic approach is to administer narcotic 
analgesics intramuscularly or intravenously. 
In this study the effectiveness of morphine, 
meperidine, and anileridine was compared. 
The age and sex of the patients treated 
are listed in Table I. Relief of restlessness 
or pain was recorded as none, slight, mod- 
erate, or marked. We have grouped mod- 
erate and marked relief as indicative of a 
satisfactory result (Table II). 

Intramuscular injection. Following intrar 
muscular injection equipotent dosage ratios 
appeared to be: morphine, 1; anileridine, 
2 to 2.5; meperidine, 3.5 to 5. The average 
duration of relief following intramuscular 
administration was 50 minutes for anileri- 
dine, 58 minutes for meperidine, and 72 
minutes for morphine. 

Intravenous injection. As Table II indicates 
even small doses of the drugs produced a 
relatively high incidence of relief. The 
duration of this effect tended to be briefer 
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than after intramuscular use, i.e., 20 to 25 
minutes. An additional difference between 
the two routes of administration was the 
greater tendency for a patient emerging 
from general anesthesia to be reanesthetized 
after an intravenous injection, a phenome- 
non reported by Claude Bernard. 

Our experience with anileridine in the 
treatment of immediate postoperative pain 
and restlessness confirmed the data ob- 
tained in animals that this narcotic was less 
potent than morphine but more potent than 
meperidine. Anileridine proved to be an 
effective narcotic in man. 


SIDE ACTIONS 


Respiration. By using the technique of 
Eckenhoff and associates, a quantitative 
study of the respiratory response of 2 normal 
volunteers to large intramuscular doses of 
anileridine was completed. Figure 2 in- 
dicates that, in common with other nar- 
cotics, anileridine depressed the response 
of the respiratory center to carbon dioxide. 
The degree of this depression was similar 
to that produced by comparable doses of 
meperidine, but the duration of effect was 
less. 

Respiratory depression was noted follow- 
ing the intravenous injection of 10 to 25 
milligram doses of anileridine during spinal 
or general anesthesia. Eighty such injections 
were made. Apnea occurred on 4 occasions 
and respiratory rates below 10 per minute 
were noted 20 times. The duration of de- 
pression did not exceed 10 minutes. Res- 
piratory rate was decreased to below 14 
per minute in only 1 patient each in the 
anileridine and morphine series, and in 4 
patients receiving meperidine for post- 
operative restlessness and pain. 

Anileridine can depress respiration in 
man. The duration of this effect appeared 
to be less than that caused by morphine or 
meperidine. This observation also confirms 
data on animals. 

Circulation. The effect of anileridine on the 
circulatory response to passive head-up tilt 
was studied in 12 volunteers, 11 of whom 
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Fic. 1. Structural formulas of meperidine and aniler- 
idine. 


were male and all but 2 in the 20 to 29 year 
age group. Continuous recordings of blood 
pressure and pulse rate were obtained from 
a brachial artery by means of a capacitance 
manometer. A constant reference point for 
pressure recording was maintained in order 
to eliminate the hydrostatic artefact related 
to the position of the arm and manometer 
head when the table was tilted. After a suit- 
able control period each subject was tilted 
abruptly to a 55 or 60 degree head-up posi- 
tion and maintained thus for 12 to 16 min- 
utes unless circulatory collapse or vomiting 
occurred. If these developed, the subject was 
immediately returned to the supine position. 


TABLE I.—THE SEX AND AGE OF PATIENTS TREATED 
FOR IMMEDIATE POSTOPERATIVE PAIN OR 
RESTLESSNESS 


Morphine Anileridine Meperidine 
Sex No. No. No. 
Male 62 64 88 
Female 57 66 78 
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Fic. 2. Respiratory effects of anileridine (leritine) and meperidine. 


After the control tilt, an intravenous in- 
fusion of 5 per cent glucose in water was 
begun, to permit the subsequent administra- 
tion of anileridine in 20 to 60 milligram 
doses over a 5 minute period. Ten to 15 
minutes later the subject was again tilted. 

The effect of anileridine on the heart rate 
and arterial blood pressure while the subjects 
were supine is summarized in Table III. 
One individual responded to a 60 milligram 
dose with apnea, cyanosis, unconsciousness, 
and hypotension. 

Data for subjects showing no adverse re- 
action to control or postdrug tilts are pre- 


TABLE II.—THE INCIDENCE OF MODERATE OR 
MARKED RELIEF OF IMMEDIATE POSTOPERA- 
TIVE PAIN OR RESTLESSNESS 


Intramuscular Intravenous 

Dose No. Per cent No. Per cent 
5 mgm. 

Morphine 34 of 84 40 13 of 16 81 

10 mgm. 

Morphine 17 of 20 85 — a 

Anileridine 10 of 20 50 10 of 14 71 

15 mgm. 

Anileridine 22 of 42 52 10 of 16 63 

Meperidine 5 of 16 31 6°of 13 46 
25 mgm. 

Anileridine 27 of 31 87 2 of 14 14 

Meperidine 42 of 104 40 12 of 18 67 
50 mgm. 

Anileridine 3 of 3 100 _ 


Meperidine 4 of 6 67 1 of 2 50 


sented in Table IV. Data on those who had 
syncope, marked hypotension, or vomiting 
are listed in Table V. 

A marked decrease in arterial pressure 
occurred in 3 of the 12 subjects during the 
control tilt. In 1 the hypotension was only 
of 2 minutes’ duration. In the other 2, de- 
gree and duration of hypotension were more 
pronounced. Subject 9 became cold and 
clammy at a blood pressure of 63/50 but 
was able to complete a 16 minute tilt. Sub- 
ject 10 fainted at 10 minutes with a blood 
pressure of 60/52. 

These 3 subjects tolerated the postdrug 
tilt without incident. In 3 other individuals, 
however, difficulties were encountered. Sub- 
ject 5 responded with a blood pressure of 
62/48, vomited, but slowly compensated, 
and completed a 21 minute tilt. Subject 7 
vomited copiously 2 minutes after tilting, 
was returned to the supine position, 2 min- 
utes later was again tilted, and completed 
a 15 minute tilt without further trouble. 
Subject 8 fainted within 1 minute with a 
blood pressure of 78/60. 

In the 415 patients treated immediately 
postoperatively a reduction in systolic blood 
pressure of 30 millimeters of mercury or 
more from predrug readings occurred in 4 
of the 119 patients receiving anileridine, in 
4 of the 130 individuals in the morphine 
group, and in 9 of the 166 patients receiving 
meperidine. 
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TABLE III.—RESPONSE OF PULSE RATE AND BLOOD PRESSURE TO THE SLOW (5 MINUTE) INTRAVENOUS 


INJECTION OF ANILERIDINE—SUBJECT SUPINE 


Blood After anileridi: 
Weight, Dose, Pulse, pressure, Pulse. Blood pressur 
Subject lbs. =omgm. min. min. 2 mins. 4 mins. 8 mins. 15 mins. 2 mins. 4 mins. 8 mins. 15 mins. 
1—M—22 167 40 66 119/72 62 70 66 64 108/68 121/74 119/71 128/78 
2—M—22 167 50 72 134/86 72 78 76 82 119/80 118/78 122/78 123/75 
. 3—M—77 127 20 56 189/115 54 56 56 64 189/124 186/108 189/115 189/108 
4—F —-40 108 30 84 133/86 88 88 90 84 127/90 149/100 146/102 140/93 
5—M—22 155 40 76 111/74 78 84 102 84 121/78 110/76 123/82 109/65 
6—M—22 170 40 60 102/70 60 70 72 66 118/77 130/88 118/83 120/78 
7—M—22 163 60 92 118/80 84 86 90 90 115/78 114/79 123/83 117/83 
§—M—28 156 60 64 104/78 78 78 97/71 71/64 
9—M—22 185 40 48 110/78 48 48 46 38 100/73 105/80 109/80 110/78 
10—M—24 135 40 50 98/72 54 54 58 54 114/82 115/83 112/80 109/77 
11—M—27 145 40 78 133/86 74 78 82 66 130/82 128/80 126/82 124/80 
12—M—23 155 50 78 97/62 72 78 78 72 92/57 98/62 109/67 102/62 
TABLE IV.—SUBJECTS TOLERATING BOTH TILTS oe 
Anileridine Before tilt. ——2—15 seconds__ Lowest 
dose I.V., Pulse Blood Pulse Blood blood Time, Pulse Blood Time, 
Subject mgm. rale pressure rate pressure pressure mins. rate pressure mins. 
1 0 66 117/76 78 112/60 103/65 12 72 103/65 12 { 
40 72 135/82 78 125/80 108/65 15 72 112/75 18 
3 0 54 197/124 60 172/129 172/129 10 56 180/129 12 
20 60 197/120 60 194/112 175/108" 15 60 175/108 15 
4 0 90 134/95 96 112/88 112/88 10 90 120/87 15 
30 78 126/89 84 120/83 118/82 15 84 118/82 15 
6 0 66 107/82 66 92/67 82/65 13 78 100/81 16 
40 66 120/83 72 110/77 88/70 16 84 88/70 16 
11 0 66 138/93 90 122/94 109/83 9 84 115/83 15 
40 72 127/78 84 108/73 108/73 a 90 114/81 15 
12 0 84 103/59 84 93/57 87/56 15 90 87/56 15 
50 66 112/68 84 108/63 108/63 11 84 114/74 17 
TABLE V.—SUBJECTS WITH VOMITING, SYNCOPE, OR MARKED HYPOTENSION DURING TILT 
Anileridine ——2—15 seconds__— Lowest Terminal. 
dose I.V., Pulse Blood Pulse Blood blood Time, Pulse Blood Time, 
Subject mgm. rate pressure rate pressure pressure mins. rate pressure mins. 
2 0 7 109/70 78 90/62 77/60 9 92 109/80 15 (a) 
50 70 120/79 96 92/60 96/70 13 94 113/76 15 
5 0 78 125/82 92 107/74 98/77 15 96 98/77 15 
40 108 129/83 120 62/48 77/53 3 96 103/71 21 (d) hae 
7 0 90 122/81 96 108/77 100/75 13 90 107/76 15 = 
60 84 128/95 102 97/72 (e) ie 
8 0 64 104/80 78 90/74 98/82 11 60 100/75 16 
60 90 98/78 102 78/68 (f) 
9 0 54 122/84 66 120/84 63/50 10 54 91/67 16 (b) 
40 48 116/82 52 120/84 110/80 7 48 114/80 16 
10 0 60 126/90 66 109/78 60/52 10 58 60/52 10 (c) 
40 54 112/80 66 102/77 117/93 3 66 117/90 16 


(a) Very brief hypotension—no symptoms. 

(b) Cold, clammy—no faint. 

0 Faint at 10 minutes, 

d) Retched, vomited within 4 minutes; no faint. 
Vomited 
(f) Pale, clammy, faint at 114 minutes. 


The crude clinical data suggested that all 
three analgesics affected the circulation in 
the same way. Use of the passive head-up 
tilt in volunteers indicated, however, that 
anileridine caused less arterial hypotension 
than did morphine, meperidine, chlorpro- 
mazine, and promethazine in similar studies. 


at 214 minutes—returned to horizontal for 2 minutes, then withstood tilt for 15 minutes without signs or symptoms. 


Histamine liberation. Anileridine (25 mgm./ 
ml.), meperidine (50 mgm./ml.), and phys- 
iologic saline solution were injected intra- 
dermally in 0.03 milliliter volumes into the 
volar surface of the forearm of 8, 6, and 6 
subjects respectively. Within 10 minutes, 5 
of the 6 subjects receiving meperidine de- 
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veloped a wheal and surrounding flare. 
Several of the wheals showed pseudopods. 
The saline injection produced no reaction. 
One of the 8 individuals receiving anileri- 
dine responded with a marked flare. In none 
of this group was wheal formation noted. 

The appearance of wheals and pseudo- 
pods after intradermal injection has been 
interpreted as evidence of histamine libera- 
tion by Comroe and Nasmyth and their 
associates. Anileridine showed no tendency 
to produce this response, a factor which may 
be related to its apparently lesser tendency 
to cause arterial hypotension. In animals, 
an antihistaminic action of anileridine has 
been reported by Orahovats and co-work- 
ers. 

Subjective responses. Itching, nausea, vomit- 
ing, and euphoria were noted after adminis- 
tration of anileridine as with other narcotics. 
Four of the 12 subjects in the tilt study had 
nausea for 2, 6, 6, and 10 hours after the 
drug injection. 

The prolonged duration of nausea is char- 
acteristic of the narcotics. Our data do not 
permit quantitative comparison with other 
drugs. 


SUMMARY 


One of the problems facing the practi- 
tioner of medicine is the evaluation of new 
drugs. With the growth of the pharmaceuti- 
cal industry and because of its competitive 
aspects, compounds are being placed on the 
market with increasing frequency. Often the 


326 Surgery, Gynecology e Obstetrics - September 1957 


differences between the pharmacologic ef- 
fects of a new substance and those of more 
established drugs are minimal. 

We cannot predict the place of anileridine 
in the list of narcotic analgesics. The drug 
can relieve pain. It is less potent than mor- 
phine and more potent than meperidine in 
this regard. It shares with these two sub- 
stances the property of depressing respira- 
tion, but for a briefer period of time. Ani- 
leridine does not appear to liberate hista- 
mine, nor does it seem to have as much of 
a circulatory depressant effect as morphine 
and meperidine. In our opinion the drug 
deserves continued evaluation, primarily be- 
cause of its lessened side actions. 
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VASCULAR ANOMALIES OF THE RETRO-INFRAHYOID 
(PRETRACHEAL) SPACE AND THEIR 
IMPORTANCE IN ‘TRACHEOTOMY 


E. W. SCHELDRUP, M.D., Iowa City, Iowa 


THE INDICATIONS for tracheotomy have 
broadened remarkably in recent years and, 
in addition to the classical upper respiratory 
tract obstructions, now include such clinical 
entities as bulbar poliomyelitis, cerebro- 
vascular accidents, barbiturate poisoning, 
skull and face fractures, recurring post- 
operative atelectasis, tetanus, botulism, 
burns, leprosy, bilateral laryngeal paraly- 
sis, Compressing mediastinal lesions, long 
operative procedures on aged and debili- 
tated patients, extensive thoracoplasty, pre- 
operative to laryngectomy and to radical 
mouth surgery, and _ postthyroidectomy. 
Whereas tracheotomy was formerly per- 
formed only as an emergency procedure it 
is now, in view of the broadened indications 
listed, becoming more and more an elective 
procedure as well. It can be anticipated, 
therefore, that this time-honored operation 
will be performed both in increasing num- 
bers and by increasing numbers of phy- 
sicians. 

Although tracheotomy, properly per- 
formed, is not difficult technically, like all 
operative procedures it is not without its op- 
erative and postoperative complications. Of 
these complications, hemorrhage is an im- 
portant one. In a recent review by Davis 
and associates of 155 emergency and elec- 
tive tracheotomies hemorrhage occurred in 
6 per cent of patients at operation, where it 
was the most important hazard, and in 2.5 
per cent of patients postoperatively for a 
total incidence of 8.5 per cent. Although 
hemorrhage is generally not severe and is 
controllable it may be so sudden and massive 


From the Department of Anatomy, College of Medicine, State 
University of Iowa, Iowa City, Iowa. 


as to lead to death. Such fatal hemorrhages 
occur rarely at operation but with greater 
frequency days, weeks, or even months 
postoperatively. Such delayed hemorrhages 
are said to result from an injury to the wall 
of a larger artery or vein at the time of oper- 
ation with subsequent erosion by a necro- 
tizing inflammation leading to aneurysm 
and rupture. Isolated examples of such an 
unforeseen complication are recorded in 
the literature but it is quite conceivable 
that not all such cases have been reported 
owing to a reluctance to publish avoidable 
mistakes. Statistical reviews of a large series 
of tracheotomies and their complications 
in the clinics of Basle, Leipzig, Tubingen, 
Vienna, and Zurich have been published, 
and the frequency with which these hem- 
orrhages were observed varied in these 
clinics between 0.5 per cent and 4.5 per cent. 
Schlaepfer compiled from the literature 115 
cases of fatal postoperative hemorrhage 
including 2 case reports of his own. The 
source of hemorrhage was found in the 
innominate artery in 83 patients; a common 
carotid artery in 5; an inferior thyroid 
artery in 3; a superior thyroid artery in 1; 
an innominate vein in 4; aortic aneurysm 
in 2; and in 17 no source was reported. 
Peters reported a case of fatal hemorrhage 
from the left common carotid artery occur- 
ring 10 days postoperatively. A more recent 
case was reported by Johnson in which fatal 
hemorrhage occurred 714 months post- 
operatively the source of which was found 
to be the innominate, right common carot- 
id, and right subclavian arteries. In the 
cases cited no specific mention was made 
as to whether or not the involved blood 
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Fic. 1. Anomalous position of the left innominate vein 
in front of the cervical trachea suprasternally. 


vessels were normally or abnormally situ- 
ated and it is assumed that, with the excep- 
tion of the 2 cases of aortic aneurysm, 
normally situated vessels were involved. This 
observation gives the abnormally situated 
blood vessel an even greater significance as 
a possible source of fatal hemorrhage both 
operatively and postoperatively. It is the 
purpose of this article to call attention to 
certain published and hitherto unpublished 
vascular abnormalities of the region which, 
if unknown to the physician, could render 
tracheotomy extremely hazardous. 

The potential interval between the in- 
frahyoid muscles and the trachea is the 
pretracheal or retro-infrahyoid space which 
must be traversed in all surgical approaches 
to the trachea. The great importance of this 
space, however, lies in the fact that it is 
directly continuous below with the superior 
mediastinum intrathoracically. For this rea- 
son the space should, with greater signifi- 
cance, be called the “upward extension of 
the superior mediastinum in the neck.” It 
is because of this anatomic continuity that 
vascular structures which normally occupy 
the superior mediastinum may abnormally 


come to lie in this upward extension in the 
neck and therefore immediately in front of 
the cervical trachea. The upper limit of this 
space is the hyoid bone. The anteroposterior 
depth of the space is nil above the cricoid 
level because of the close application of the 
infrahyoid muscles to the visceral compart- 
ment. Below the cricoid level, however, the 
space has an increasing anteroposterior 
dimension as the sternum is approached 
by virtue of the fact that the sternohyoid 
and sternothyroid muscles pass ventrally to 
the sternum whereas the trachea and esoph- 
agus follow the curvature of the vertebral 
column dorsally. Because of the ‘‘apparent” 
easier accessibility to the trachea in its 
upper portion immediately below the cricoid, 
a high approach with incision of the first 
tracheal ring and even incision through the 
cricothyroid membrane has been performed, 
especially in emergency tracheotomies. This 
approach is to be avoided because of the 
high incidence of postoperative laryngeal 
stenosis following this procedure. The ideal 
incision into the trachea is between the 


Fic. 2. Anomalous position of the innominate artery 
in front of the cervical trachea suprasternally. 
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second and fourth tracheal rings, and the 
isthmus of the thyroid gland is retracted 
upward or downward or divided as the case 
may be. But it is in relation to this lower 
portion of the cervical trachea that normally 
and abnormally situated blood vessels are 
found which may be inadvertently damaged. 
This accident is more prone to occur if the 
incision into the trachea is made from above 
downward toward the sternum rather than 
from below upward. The only vascular 
structure normally found immediately in 
front of the trachea in its infraisthmic por- 
tion is the inferior thyroid vein which courses 
from the thyroid isthmus to the left innomi- 
nate vein in the superior mediastinum. This 
is not always a single vein, however. There 
may be 2 or even 3 such veins, and in the 
latter instance the entire infraisthmic portion 
of the trachea is obscured by a large venous 
plexus. In approximately 10 per cent of 
individuals there is a thyroidea ima artery 
which arises from either the innominate 
artery or aortic arch in the superior medi- 
astinum or from the right common carotid 
artery in the neck. When present this vessel 
ascends in the midline to the thyroid isthmus 
and lies immediately in front of the trachea. 
It may be a good sized vessel and occasion- 
ally divides into several branches before 
reaching the isthmus. Hence this portion of 
the trachea may be obscured by an arterial 
plexus as well. 


VASCULAR ANOMALIES OF THE RETRO-INFRA- 
HYOID (PRETRACHEAL) SPACE 


These anomalies are all related to the 
infraisthmic portion of the cervical trachea 
and, when present, form a distinct hazard 
in the event of too low an incision into the 
trachea. They may be classified as pre- 
tracheal or posttracheal depending upon 
whether the anomalous vessel lies immedi- 
ately in front of the trachea or between the 
trachea and esophagus. 

Pretracheal vascular anomalies. Left innomi- 
nate vein (Fig. 1). The author has seen 
this hitherto unpublished anomaly in 3 
adult cadavers. In each the left innominate 


Fic. 3. Anomalous position of the aortic arch in front 
of the cervical trachea suprasternally. 


vein was situated suprasternally in front of 
the cervical trachea rather than in the nor- 
mal superior mediastinal position. 
Innominate artery (Fig. 2).— This anom- 
aly was found in 4 adult cadavers by the 
author and are reported here for the first 
time. In all 4 the innominate artery was 
situated suprasternally in front of the 
cervical trachea rather than in the normal 
superior mediastinal position. Even in the 
cadaver most of the infraisthmic portion of 
the trachea was obscured by the anomalous 
vessel in each instance and in life this portion 
of the trachea must have been totally ob- 
scured. But the normally situated innomi- 
nate artery deserves special mention for the 
disproportionately high incidence of involve- 
ment of this vessel in fatal postoperative 
hemorrhage (vide supra) points to its 
special topographic anatomic peculiarity. 
This artery crosses the trachea obliquely 
from left to right at the superior thoracic 
aperture and its upper margin lies in front 
of the cervical trachea immediately supra- 
sternally. At this point it is attached to the 
trachea by loose fibrous connective tissue 
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Fic. 4. Anomalous position of the right common carotid 
artery in front of the cervical trachea suprasternally seen 
in conjunction with a retroesophageal right subclavian 
artery. 


(visceral fascia). Because of this topographic 
relation to and fibrous attachment to the 
lowermost portion of the cervical trachea, 
the artery is drawn up into the neck and held 
to the trachea when the head is retracted in 
tracheotomy as was proved on cadavers 
many years ago. These features make this 


artery especially liable to injury in low 


incisions into the trachea made from above 
downward. 

Arch of the aorta (Fig. 3).—This anomaly 
has beenseen in 1 adult cadaver by the author 
and is reported here for the first time. The 
aortic arch was normal in every respect 


except as to position, and exhibited no ~ 


pathologic condition, especially aneurysm. 
It is an extremely rare but significant exam- 
ple of the pretracheal situation in the neck 
of a large blood vessel that normally lies in 
the superior mediastinum. Practically all of 
the infraisthmic portion of cervical trachea 
was obscured by the vessel. The abnormal 
relation of the innominate artery to cervical 
trachea is also to be noted in this specimen. 


Right common carotid artery (Fig. 4), 
The anomalous position of this large vessel 
suprasternally in front of the cervical trachea 
is only found, so far as the author is aware, 
in conjunction with a retroesophageal right 
subclavian artery. The author has seen 1 such 
anomaly in an adult cadaver and it, too, 
was in conjunction with a retroesophageal 
right subclavian artery (vide infra). The 
right common carotid artery in this specimen 
coursed obliquely upward from left to right 
across the infraisthmic portion of the cervical 
trachea. Holzapfel was the first to warn of the 
danger of injuring this vessel in tracheotomy. 

Posttracheal vascular anomaly (Fig. 5). One 
of the complications of tracheotomy, which 
is most likely to occur in infants or children 
in whom the trachea is extremely soft, is 
accidental incision of the posterior tracheal 
wall and possible incision, therefore, into 
the esophagus. This fact lends significance 
to the posttracheal (between trachea and 
esophagus) vascular anomaly of the right 


Fic. 5. Anomalous position of the right subclavian 
artery between the cervical trachea and cervical esoph- 
agus suprasternally. The right common carotid artery 
(a segment of which has been removed for better visuali- 
zation) lies in front of the cervical trachea suprasternally 
in this anomaly. 
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subclavian artery. In from 0.5 to 2 per cent 
of the general population this large vessel 
takes anomalous origin from the aortic 
arch at a point distal (to the left) of the 
origin of the left subclavian artery. In 
order to reach the right upper extremity the 
right subclavian artery must course sharply 
to the right. In doing so it either passes be- 
hind the esophagus mediastinally or supra- 
sternally (85 per cent of cases); in front of 
the mediastinal trachea (5 per cent of cases) ; 
or between the cervical trachea and esopha- 
gus suprasternally (15 per cent of cases). 
Twenty cases of this latter position of the 


- artery have been reported by Holzapfel, and 


the author recently dissected an additional 
specimen of this anomaly in an adult ca- 
daver. These 21 case reports make untenable 
the unsubstantiated premise that the anom- 
alous right subclavian artery never passes 
between the trachea and esophagus. It is 
obvious that accidental incision of the pos- 
terior tracheal wall in the presence of such 
an anomalous vessel can be extremely haz- 
ardous. 


DISCUSSION AND SUMMARY 


The broadened indications for tracheot- 
omy will undoubtedly witness a continuing 
increase in the utilization of this operative 
procedure by increasing numbers of physi- 
cians. Operative and postoperative hemor- 
rhage still remains one of the important com- 
plications of the operation. Fatal hem- 
orrhage, though rare at operation, may 
occur days, weeks, or even months post- 
operatively and are due to accidental injury 


to normally or anomalously placed blood 
vessels at the operative site. Such accidental 
injuries should be less prone to occur in 
elective tracheotomy where speed is not 
essential and operative conditions are ideal. 
In emergency tracheotomy, however, where 
speed is an important factor and operative 
conditions not always ideal, such accidental 
injuries are more prone to occur. In emer- 
gencies, the blind two-stepped finger-guided 
operation or ‘“‘feel” technique of Jackson is 
said to be the ‘“‘safest and swiftest method 
yet devised for opening the air-way.” That 
it is the swiftest method is conceded, but 
that it is the safest is questionable. The 
assurance that “‘there is no danger of any- 
thing” (3) is not borne out by the anatomic 
and clinical studies presented. Knowledge 
of the anatomic details and significance of 
the upward extension of the superior medi- 
astinum in the neck (pretracheal space) and 
of the normally and anomalously placed 
blood vessels, described in this article, that 
one may encounter in the region demand due 
caution in performing a tracheotomy. 
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FECAL EXCRETION OF FAT FOLLOWING 
ESOPHAGOGASTRECTOMY IN ANIMALS 


FRITZ H. MOSER, M.D., F. HENRY ELLIS, JR., M.D., F.A.C.S., 
JESSE L. BOLLMAN, M.D., and JOHN H. GRINDLAY, M.D., F.A.C.S., 


Rochester, Minnesota 


THE NUTRITIONAL PROBLEM after operations 
on the stomach, particularly total or sub- 
total gastrectomy, has long been of great 
concern to the surgeon and internist. The 
management of patients who are unable to 
gain or maintain weight and who have post- 
operative gastrointestinal disturbances fre- 
quently has been difficult as well as dis- 
couraging. 

A more thorough understanding of the 
physiologic mechanisms causing these dis- 
turbances is important. As early as 15 years 
after Billroth performed the first successful 
gastrectomy, the need for study of such pa- 
tients was realized. At that time Schlatter 
gave a detailed discussion of the nutritional 
aspects in the case of a woman, 56 years of 
age, on whom he had performed total gas- 
trectomy for cancer. Whereas absorption of 
nitrogen and carbohydrates was normal, the 
fat content of the feces was high. 

Many clinical and laboratory studies have 
been carried out since then, especially in 
more recent years, but to our knowledge no 
experiments on animals have been reported 
which deal with the effect of esophagogas- 
trectomy on nutrition. Since such operations 
are performed more and more frequently 
for cancer of the cardia or lower part of the 
esophagus as well as for the high-lying gas- 
tric ulcer, a study of the fecal excretion of 
fat in dogs subjected to esophagogastrectomy 
was undertaken. 
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Research, Mayo Clinic and the Mayo Foundation, Rochester, 
Minnesota. 
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MATERIAL AND METHODS 


Twenty healthy adult mongrel dogs, 
weighing 6.7 to 12.8 kilograms, were used in 
this study. 

With the aid of thiopental sodium (pento- 
thal sodium) anesthesia and aseptic tech- 
nique, esophagogastrectomy was performed 
on 17 dogs through the left ninth intercostal 
space. In each instance care was taken to 
isolate and divide the vagus nerves. The 
abdomen was opened either by a lateral in- 
cision in the diaphragm or by freeing the 
diaphragm around the esophagus. With the 
latter technique the stomach was easily 
pulled up into the chest, and the diaphragm 
was left anatomically intact, so that after 
resection, the diaphragm could be resutured 
around the esophagus. After the resection 
intestinal continuity was restored by end-to- 
end anastomosis. Resections involved the 
lower 1 to 2 centimeters of the esophagus 


and a variable amount of stomach in 17 


dogs. In the remaining 3 dogs no resection 
was performed. 

The dogs were divided into five groups 
and the operative procedure varied from 
group to group. In groups I to IV esophago- 
gastrectomy was performed. The additional 
procedures (Fig. 1) were as follows: in group 
I, cardiectomy, which consisted of resection 
of the proximal 2 centimeters of stomach; in 
group II, cardiectomy and pyloromyotomy, 
which consisted of the resection of the proxi- 
mal 2 centimeters of stomach and extra- 
mucosal pyloromyotomy; in group III, gas- 
tric resection and extramucosal pyloromyo- 
tomy; the resection removed the proximal 
50 per cent of the acid-producing mucosa of 
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the stomach; and in group IV, gastric re- 
section and extramucosal pyloromyotomy; 
the resection removed all of the acid-pro- 
ducing mucosa (with preservation of the 
antrum) In group V, vagotomy and extra- 
mucosal pyloromyotomy were performed 
without any resection but the approach was 
the same as for the other operations. 

The amount of stomach resected was esti- 
mated rather than measured at operation. 
The preserved operative specimen was com- 
pared with the necropsy specimen whenever 
the dog came to necropsy and it was thus 
assured that a correct estimation was 
achieved at operation. 

The dogs received nothing by mouth on 
the first day after operation, water on the 
second and third days, and then increased 
feedings of a soft diet until a regular kennel 
diet could be tolerated without too much 
difficulty. The soft diet differed from our 
experimental diet only in its lower content 
of fat. No food supplements, such as vita- 
mins, enzymes, or emulsifying agents, were 
given. In a few instances fluids were admin- 
istered intravenously in the early postopera- 
tive period. 

The dogs were given ample time to recover 
from the operation before metabolic studies 
were started; this interval was at least 3 
weeks when no resection was carried out and 
6 weeks when resection was done. 

Studies on the fecal excretion of fat were 
performed essentially in the manner de- 
scribed by Welbourn and associates. The 
dogs were placed in cages designed for 
metabolic balance study and were given a 
freshly prepared diet high in fat, the compo- 
sition of which is shown in Table I. Its aver- 
age fat content, in grams of fatty acids per 
100 grams of food, as obtained from multiple 
assays was 13.9 + 2.8. Each dog was studied 
for several metabolic periods of 7 or more 
days, with the exception of 2 dogs which 
were studied for only 1 period. Varying in- 
tervals elapsed between most of the periods 
of metabolic studies on a dog, but on a few 
occasions they followed each other consecu- 
tively. During a metabolic period, a dog was 


Normal 


Fic.1. Operative procedures carried out in the differ- 
ent groups of dogs. Dotted lines indicate division between 
the antrum and the remainder of the stomach. 


given the experimental diet for at least 2 
days, then carmine red was added to the 
food in a ratio of 0.2 per cent which was fed 
for 3 days, and then uncolored food was 
given again until the stools turned from red 
to normal color. All red colored stools for 
the 3 day period were collected. The 3 day 
quantity was emulsified in an electric food 
mixer after adding water, and aliquot sam- 
ples were taken from this for analysis. 

The food was weighed and usually given 
in 1 serving. Several dogs, however, never 
overcame vomiting when 1 large feeding 
was given to them, and, therefore, were fed 
2 to 4 times daily. Excretion of fat may be 
altered by varying the frequency of feedings. 
However, since other dogs in this series, 


Mean 5.6% 


FAT EXCRETED as % of INGESTED FAT 


DOGS 


Fic. 2. Excretion of fat in the stools of dogs of group I 
undergoing cardiectomy. 
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Mean 8.1% Jd) 
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Fic. 3. Excretion of fat in the stools of dogs of group II 
which are undergoing cardiectomy together with pyloro- 
myotomy. 


especially those of group IV, developed eat- 
ing habits which caused them to spread the 
eating of their single serving over the day, it 
was believed that multiple feedings were 
permissible and the possible variations aris- 
ing from this were beyond the control of the 
experiment. 

The quantitative determinations of the 
fat content of feces and food were done by 
the method described by van de Kamer and 
associates. ‘The fat content is expressed in 
grams of fatty acids, and the fecal excretion 
is expressed as percentage of ingested fat. 
Usually 2 aliquot samples were processed 
for each specimen. 


RESULTS 


Of the 20 dogs under consideration, 12 
were alive when this study was terminated 
from 3 to 15 months after operation. Four 
dogs died 2 to 13 months after operation, 
and 4 were killed at 3 to 6 months after 
operation. Necropsy was performed on all 


TABLE I.—COMPOSITION AND FAT CONTENT OF 
SPECIAL DIET 


Food used in diet Gm. 


Fat content of food; grams of fatty acids per 100 grams of food in 
diet, 13.9 + 2.8. 


Mean 10.3 % 
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FAT EXCRETED as % of INGESTED FAT 
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DOGS 


Fic. 4. Excretion of fat in the stools of dogs of group 
III after resection of 50 per cent of the acid-secreting 
portion of the stomach and pyloromyotomy. 


dogs that died or were killed.’ Esophagitis 
was found in 5 dogs. All of these dogs except 
1 were in groups I and III, in which sizable 
amounts of acid-producing gastric mucosa 
had remained. One dog belonged to group 
IV, in which according to Ellis and Hood, 
no esophagitis should be expected. At nec- 
ropsy it became evident that a small rim of 
acid-producing mucosa was still present. 
This dog had a poor postoperative course 
and, therefore, was subjected to only 1 peri- 
od of metabolic study. The results for this 
dog coincide with those of the other dogs in 
group IV, although the resection was slight- 
ly inadequate. The causes of death or reasons 
for killing were esophagitis, malnutrition, 
and general depletion. The postoperative 
courses were classified as good, fair, or poor. 
Good indicated that the dog maintained 
good health and normal weight and did not 
vomit or only occasionally vomited mildly. 
Fair and poor indicated gradual or rapid 
failing, loss of weight, or vomiting alone or 
in combination. 

Group I, cardiectomy. Thirteen metabolic 
studies were carried out on 4 dogs. The fat 
excreted in feces varied from 2.5 to 12 per 
cent of the ingested fat, with a mean of 5.6 
per cent (Fig. 2). All dogs but 1 in this group 


1Since acceptance of this article for publication the entire 
series of 20 dogs has been autopsied: Esophagitis was present in 
3 dogs and absent in 1 dog of group I, present in 3 and absent in 
1 of group II, present in 5 and absent in none of group III, 
present in 1 (inadequate resection) and absent in 3 of group IV, 
and present in none and absent in 3 of group V. 
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Mean 19.9 % 


FAT EXCRETED as % of INGESTED FAT 


4 


lost weight, the average postoperative weight 
for the group being 88 per cent of the pre- 
operative weight. ‘Two dogs had a poor 
course and were killed; 1 died after a fair 
course; 1 had a good course and is alive. 
Mild occasional vomiting was observed in 
this group. 

Group II, cardiectomy and pyloromyotomy. 
Nineteen metabolic periods were studied in 
the 4 dogs. Loss of fat in feces varied from 
3.5 to 14.9 per cent of the total fat ingested, 
with a mean of 8.1 per cent (Fig. 3). All 4 
dogs had a good course and gained weight; 
their weight at termination of the study 
averaged 116 per cent of the preoperative 
weight. Mild occasional vomiting occurred 
in only 2 dogs of this group. 

Group III, resection of 50 per cent of the acid- 
secreting portion of the stomach and pyloromyotomy. 
Five dogs were studied during 24 metabolic 
periods. Fat in the feces was found to range 
between 3.8 and 17.0 per cent, with a mean 
of 10.3 per cent (Fig. 4). These dogs exhib- 
ited the severest vomiting of all groups, 
especially in the early postoperative phase. 
Later 3 of these learned to hold their food 
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FAT EXCRETED as % of INGESTED FAT 


Fic. 5. Excretion of fat in the stools of dogs of group IV 
undergoing resection of all the acid-secreting tissue of the 
stomach and pyloromyotomy. 

Fic. 6. Excretion of fat in the stools of dogs of group V 
undergoing vagotomy and pyloromyotomy. 


better and 2 of the 3 did not vomit at all. 
One was killed and 1 died, both with severe 
esophagitis. The average postoperative 
weight in this particular group at the end of 
study was 83 per cent of the preoperative 
weight. 

Group IV, resection of 100 per cent of the acid- 
secreting tissues of the stomach and pyloromyotomy. 
The 4 dogs in this group underwent 18 
metabolic periods. Values for fecal fat varied 
from 7.1 to 37.0 per cent, with a mean of 
19.9 per cent (Fig. 5). Although these dogs 
suffered from severe vomiting in the early 
postoperative phase, they soon learned to eat 
slowly and divided their daily ration into 
several meals so that after 2 to 4 weeks there 
was no more vomiting. The 1 exception was 
dog 15 in which esophagitis developed and 
vomiting did not cease. Another operation 
was performed but the dog died immediately 
postoperatively. One dog died in poor con- 
dition, and 1 was killed after having had a 
fair course. Neither had any esophagitis. 
One dog is still alive but, after a prolonged 
fair course, is now in poor general condition. 
All dogs in this group lost weight, the aver- 
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w x NORMAL 
CARDIECTOMY CARDIECTOMY 50% RESECTION |100% RESECTION | VAGOTOMY |\NO RESECTION 
ond and and and 
30 - PYLOROMYOTOMY | PYLOROMYOTOMY PYLOROMYOTOMY |PYLOROMYOTOMY = 
Mean 5.6 % Mean 8,1 % Mean 10.3 % Mean 19.9 % Mean 7,0 % Mean 2,7 % 


FAT EXCRETED as % of INGESTED FAT 


Y 


Fic. 7. Summary of data on excretion of fecal fat in all five experimental groups (20 dogs) and in 


controls. 


age weight at death or when the experiment 
was terminated being 65 per cent of the 
preoperative weight. 

Group V, vagotomy and pyloromyotomy. Three 
dogs underwent 12 metabolic periods. The 
lowest value for fecal fat in a metabolic 
period was 1.8 per cent, and the highest was 
14.2 per cent of the fat ingested; the mean 
was 7.0 per cent (Fig. 6). These dogs have 
had no difficulties or abnormalities and are 
all in good condition. 

Loss of fat in feces in all groups. The results 
with regard to excretion of fat in the five 
groups are summarized in Figure 7. The 
average loss of fecal fat for normal dogs of 
2.7 per cent is taken from the studies con- 
ducted by Welbourn and associates who 
have used the same method of study and 
analysis. 


COMMENT 


Many studies of the nutritional effects of 
gastric operations on dogs have been reported 
in the literature with total and subtotal 
gastrectomy being investigated most exten- 
sively. Aside from nitrogen balance studies, 
study of the fecal excretion of fat has been 
most satisfactory. 

In a collective review of the literature 
Everson demonstrated that total gastrectomy 
invariably leads to marked increase in the 
fecal fat and that partial gastrectomies also 
had increased the level of fecal fat. The 
Billroth I operation resulted in better assim- 
ilation of fat than the Billroth II procedure. 
Similar observations have been made by 
other workers. The role that vagotomy may 
play in loss of fat in feces was investigated 
by Welbourn, Hallenbeck, and Bollman and 
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Javid. It was found that vagotomy alone did 
not aiter the excretion of fat, but if it was 
perfor med with gastroenterostomy or gastro- 
duodenostomy, the fecal excretion increased 
more than it did after gastroenterostomy or 
gastroduodenostomy alone. 

The factors responsible for the impaired 
assimilation of fat are manifold and are 
listed by Everson in the following order: loss 
of the digestive function of the stomach; loss 
of the triturating function of the stomach; 
decreased stimulation of pancreatic and 
biliary secretions as a consequence of the 
loss of hydrochloric acid, the vagotomy, and 
the by-pass of the duodenum in esophago- 
jejunal anastomosis; improper or inadequate 
mixing of the food with the pancreatic and 
biliary secretions; increased intestinal motil- 
ity, and finally, loss of the reservoir function 
of the stomach. 

That the intestinal transit time is often 
accelerated in postgastrectomy dogs has been 
shown by several investigators, and Emery, 
who fed 2 dogs slowly after total gastrectomy, 
found that their excretion of fat was normal, 
whereas it had been increased when they ate 
rapidly. 

Our values for excretion of fat in feces 
show, as do those of others, a considerable 
variation in different dogs as well as in the 
same dog at different times. The methods 
for collecting and processing the feces may 
be in part responsible for this. It is, there- 
fore, desirable to study each dog for several 
metabolic periods. This was done in our 
study whenever possible. 

Fecal loss of fat varies in linear proportion 
to the intake, at least above a certain mini- 
mal level of intake. We chose to give our 
dogs a diet which was high in fat so that 
relatively large amounts would be excreted 
and consequently the error inherent in the 
method would be less. Since the number of 
studies and the number of dogs are limited, 
no .ttempt was made to evaluate the results 
statistically. 

\Vhen fecal excretion of fat in the groups 
in hich gastric resection was employed was 
coi ipared, a gradually increasing excretion 


TABLE II.—COMPARISON OF LOSS OF FAT IN FECES 
WITH MEAN POSTOPERATIVE WEIGHTS 


Fecal fat, per cent Weight, per cent 
Group of fat ingested of preoperative 
I 5.6 88 
II 8.1 116 
III 10.3 83 
IV 19.9 65 
7.0 114 


Weighed at termination of study. 


of fat was noted with increase in the amount 
of gastric tissue resected. The loss was 
greater in group II with pyloromyotomy 
than in group I without pyloromyotomy. 
Still greater was the fecal loss of fat in group 
III, but the highest values are seen in group 
IV, in which 100 per cent of the acid-pro- 
ducing gastric mucosa was resected and 
pyloromyotomy was performed. That py- 
loromyotomy in itself may be a major factor 
in the loss of fat in feces is demonstrated by 
group V (vagotomy and pyloromyotomy). 
The average values for this group lie, inci- 
dentally, between those for groups I and II. 
Since vagotomy alone does not alter the fecal 
excretion of fat from the normal, it must 
be concluded that in group V the pyloro- 
myotomy was responsible for the higher ex- 
cretion, probably by effecting a more rapid 
emptying of the stomach. 

Even though the intestinal transit time 
was not measured exactly in this series, it 
appeared to be markedly accelerated in the 
dogs of groups III and IV, and to less degree 
in the dogs of group II. Coincidental with 
this finding was the character of the stools. 
In group III and more so in group IV they 
were soft and bulky, sometimes to the extent 
of diarrhea which in a few instances made it 
necessary to discard the collection for an 
entire metabolic period. 

We should stress that the fecal excretion 
of fat is only one indicator of the postopera- 
tive status of nutrition, and its magnitude 
does not necessarily parallel the magnitude 
of the loss of weight. This is demonstrated 
for our series in Table II. In group II, in 
spite of excellent maintenance of weight, the 
assimilation of fat was only third best and in 
groups I and III in which the mean weights 
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TECHNIQUE OF ACHIEVING AN ADEQUATE 
EX TRAMUCOSAL MYOTOMY IN MEGAESOPHAGUS 
(ACHALASIA, CARDIOSPASM, DYSTONIA) 


OWEN H. WANGENSTEEN, M.D., F.A.C.S., Minneapolis, Minnesota 


OF THE MANY OPERATIONS which have been 
suggested for the operative relief of mega- 
esophagus, usually referred to by clinicians 
as cardiospasm, none has stood the test of 
time as well as the extramucosal myotomy 
of Heller. Whereas initially he proposed do- 
ing both a posterior and an anterior myo- 
tomy, in practice, the simpler, single ante- 
rior myotomy through usage has become the 
standard method of performing the Heller 
extramucosal myotomy upon the esophago- 
gastric juncture. Numbers of surgeons, who 
have had experience with Heller’s method, 
have expressed keen satisfaction over its ac- 
complishment. The shortcoming attending 
the Heller procedure is that, though the pa- 
tients are symptomatically relieved, slow 
and retarded emptying of the esophagus is 
still the rule. This circumstance, I believe, 
should be of more than passing interest to 
surgeons who affect an attitude of interest 
in bringing abiding relief to patients suffer- 
ing from cardiospasm. 


EXCISION OF THE ACID-SECRETING AREA OF 
THE STOMACH AND THE LOWER ESOPHAGEAL 
SEGMENT—NOT A PHYSIOLOGIC OPERATION 
FOR MEGAESOPHAGUS 


In 1951, I presented before a meeting of 
the American Surgical Association the de- 
scription of an operation in which the entire 
acil-secreting area of the stomach was ex- 
cised together with the tortuous redundant 
portion of the lower esophagus. The proce- 
dure was called a physiologic operation for 

F.om the Department of Surgery, University of Minnesota, 
Mir \eapolis, Minnesota. 

S \pported by the following sources: U.S.P.H.S. Grant No. 
RG !028—C9; Austen S. and Anne R. Cargill Fund; Jay and 


Ro: Phillips Fund; Arthur and Stella Sanford Funds for Sur- 
gic Research. 
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megaesophagus. And such it seemed to be, 
at least in straightening out the esophagus, 
getting rid of the superfluous portion, and 
promoting ready emptying of the atonic 
esophagus. 

In two respects, however, this operation 
proved to have unphysiologic side effects: 

1. The Heineke-Mikulicz pylorotomy per- 
mitted entry of bile and pancreatic juice 
into the small residual gastric pouch, from 
which site they could in turn be readily 
regurgitated into the esophagus. The ero- 
sive effects of bile and pancreatic juice upon 
the esophageal mucosa, though real, as 
shown in this laboratory by Cross, are not 
by far as devastating as is reflux of gastric 
juice into the esophagus. It is this latter oc- 
currence which makes the Wendel opera- 
tion of open myotomy upon the esophago- 
gastric juncture an unphysiologic operation 
for megaesophagus. For in this procedure, 
unlike the Heller operation, reflux of acid 
gastric juice into the esophagus occurs 
readily and regularly. And as a number of 
studies in this clinic have shown (4, 16, 17), 
the admission of gastric juice into the esoph- 
agus, lined by squamous epithelium, is 
badly tolerated. Despite the convincing 
evidence arrayed against the Wendel pro- 
cedure by Barrett and Franklin, all opera- 
tive procedures, designed to bring acid- 
secreting gastric mucosa directly into con- 
tact with esophageal mucosa, in the relief of 
megaesophagus, have yet not been com- 
pletely abandoned. 

2. The other completely unanticipated 
unphysiologic effect of complete excision of 
the acid-secreting area was that it too, like 
total gastrectomy, is followed by megalo- 
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a b c 

Fic. 1. The x-ray films of Mrs. L. W., aged 73 years, before and after extramucosal esophageal 
myotomy achieved by use of an air inflated balloon. This patient had suffered from difficulty in 
swallowing for 55 years; for 20 years the difficulty has been severe and there had been almost daily 
regurgitation of food; for 9 years, the patient has emptied her esophagus periodically with an Ewald 
tube. There had been a 60 pound (27.2 kgm.) weight loss. a, The situation prior to surgery, 30 
minutes after ingestion of barium. The esophagus held more than 3 liters of barium; 3 hours later, 
a large quantity of the barium was still in the esophagus. b, The situation on April 2, 1957, 10 months 
after surgery which was performed on May 31, 1956. Eight ounces (250 c.c.) of barium were given. 
The esophagus began to empty immediately as is shown by this film, taken directly following the 
ingestion of barium (at 0 minutes). c, The situation 214 hours following the ingestion of barium. 
It is to be noted that whereas the esophagus is smaller, it is still tortuous and barium is retained in 
the esophageal flexures of the sigmoid curve. The patient takes largely soft foods, because her teeth 
were extracted during the past few months. She has no problem in swallowing and is gaining weight 


steadily. 

foll 
blastic anemia. Of the 7 patients presented this procedure the esophagus empties read- om 
in the initial report, several already have __ ily, but the two objections mentioned here pa 
megaloblastic anemia. The anemia seems to _—make it less than an ideal operation. we 
be somewhat more retarded in coming, fol- ales 
lowing excision of the acid-secreting area of © THE PRESENT PROPOSAL abs 
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Kelly, MacLean, and Perry, amplified upon __ the Heller method employing a hand lens to wi 
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emphasize this defection of total excision of | mucosa of the esophagus, taking pains to in 
the acid-secreting area as a physiologic sever such fibers with additional snips of ‘he pe 
operation for megaesophagus. One has no scissors. Within a year’s time following ‘':¢ ” 
hesitancy in accepting megaloblastic ane- discussion of my presentation before (1¢ pr 
mia as a portion of the cost, when perform- American Surgical Association in 1951. I a 
ing total gastrectomy for gastric cancer. As _ became fully persuaded that an importa it T. 
has been pointed out previously, following cause of failure of the esophagus to em} y on 
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Fic. 2. Roentgenograms of Mr. R. L., aged 44 years, before and after extramucosal esophageal 
myotomy achieved by an air inflated balloon tipped catheter. a, Prior to operation. No emptying 
had occurred in 30 minutes; in fact a fair quantity of barium was still discernible on an x-ray film 48 
hours after ingestion. b, The situation following surgery. This film made directly upon the ingestion 
of barium shows the esophagus to be completely empty. It is also to be noted that the esophagus has 
a fairly normal sized lumen contrasted with the situation as shown in “‘a.” c, A more recent film 
showing satisfactory emptying. The patient has gained 50 pounds (22.7 kgm.) in weight since the 
myotomy which was performed on November 8, 1954. 


following the Heller extramucosal myot- 
omy, which otherwise seemed to afford 
reasonably satisfying relief to the patient, 
was incomplete division of the esophageal 
circular muscle fibers. It was then that use 
of an air inflated balloon was begun to com- 
plement the myotomy achieved in the con- 
ventional Heller procedure. 

In the first few cases (1953), a Bardex 
balloon-tipped catheter was employed. How- 
ever, because of the softer texture and 
greater flexibility of the Foley balloon-tipped 
urcthral catheter, I have come to prefer it. 
Care is observed to try to select a catheter 
with a fairly concentric balloon. At the 
time of the initial publication (14), 3 patients 
hal been operated upon. Additional ex- 
perience gained in the meanwhile suggests 
de'initely that this method does appear to 
pr-sent advantages over the conventional 
m inner of performing the Heller myotomy. 
T: date, 13 cases have been done by this 
m thod. And in all patients with moderate 


dilatation of the esophagus, immediate emp- 
tying of the esophagus has been obtained. 
To date only 1 giant tortuous esophagus 
with a long sigmoid curve has been operated 
upon (Fig. 1a). This esophagus held more 
than 3 liters of barium. The improvement 
following the myotomy effected by use of 
the balloon has been definite and progres- 
sive. However, the esophagus now empties 
directly upon the ingestion of barium but 
not completely as is observed regularly in 
the instances of megaesophagus with mod- 
erate dilatation (Fig. 1b and c). Whether 
contraction of the stretched longitudinal 
muscle fibers ultimately will occur to bring 
about shortening of the esophagus remains 
to be seen. In any case, uniform reduction 
of the diameter of the esophageal lumen, 
attending performance of this method of 
effecting the extramucosal myotomy, has 
been observed in every instance (Fig. 2). 

Moreover, following this amplified method 
of performing the Heller extramucosal myot- 
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Fic. 3. Use of the extrapleural sternotomy incision in 
providing exposure for extramucosal esophageal my- 
otomy. a, The incision. b, A finger is inserted beneath 
the ensiform for insertion of the Lebsche sternal knife. 
c, The Lebsche sternal knife. The knife is driven with an 
ordinary rubber orthopedic hammer. d, The left margin 
of the divided sternum is retracted laterally. The knife is 
shown cutting the diaphragm downward. The incision in 
the diaphragm extends to the point at which the peri- 
cardium comes directly into view. It is obvious that a 
deliberate opening of the pericardium will permit even 
easier retraction of the rib margin on the left side. It is 
often possible to separate the fibrous and the serous 
pericardium, incising only the former. e, The exposure 
obtained with the sternotomy incision. The whole attic 


of the upper left abdomen comes immediately into view. 
The avascular ligament of the left lobe of the liver has 
been divided and the liver has been retracted to the right. 
It is obvious that this incision affords excellent exposure 
for the performance of extramucosal esophageal my- 
otomy, the repair of hiatal hernia or any operation \pon 
the gastric fundus or the lower reaches of the esophe us. 
f, Rewiring of the sternum. Ordinarily, 2 No. 24 stai:iless 
steel wires suffice. The hand-driven awl with a short side 
arm for engaging and pulling the wire is shown. g, [he 
sternum rewired. The midline incision in the abdom nal 
wall is closed in the conventional manner with two 1 ws 
of interrupted silk. (From The Review of Gastroentero 2), 
1953, 20: 611-626. Reprinted with permission of the 
American Journal of Gastroenterology.) 
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omy 10 suggestion of the occurrence of 
esophagitis has been observed. The routine 
addition of a Heineke-Mikulicz pylorotomy 
to provide ready gastric emptying is, no 
doubt, in part responsible. My associates, 
Drs. Brackney, Kelly, and Campbell, were 
able to demonstrate that a Heineke-Mikulicz 
pylorotomy added definite protection against 
the occurrence of esophagitis after opera- 
tion upon the esophagogastric juncture of 
dogs, an observation that Girvin and Meren- 
dino also have confirmed. The very circum- 
stance that such complete division of the 
muscle fibers of the lower esophagus and 
esophagogastric juncture is not followed by 
esophagitis lends a good deal of credence to 
the postulate of Nauta that a rosette of 
gastric mucosa at the esophagogastric inlet 
provides a valve-like action which normally 
precludes reflux of gastric juice into the 
lower reaches of the esophagus. A number 
of these patients following operation have 
been studied in the convalescent period and 
again later, with a duodenal catheter at- 
tached to a source of suction lying in the 
mid-esophagus. Gastric juice has not been 
recovered from the esophagus. Here it need 
only be said that the early and the late 
results of treatment by this method appear 
to be uniformly good. It is now 5 years since 
the earlier patients in the series were oper- 
ated upon. No patient in the group has 
anemia, nor has bled postoperatively. Gain 
in weight has been the rule. One patient in 
the series died of a perforated duodenal 
diverticulum 11 days after the operation, 
unrelated to performance of the myotomy. 
My associate, Dr. Harlan D. Root, has made 
a thorough follow-up study of the patients 
operated upon for megaesophagus in this 
clinic, summarizing the preoperative and 
postoperative studies to which these patients 
have submitted. Root’s follow-up study of 
the results of operation lends strong support 
to the thesis that the immediate emptying 
of the esophagus following an adequate 
extramucosal myotomy for cardiospasm 
prcsents definite advantages from the pa- 
tie\t’s point of view. 


TECHNIQUE OF EXTRAMUCOSAL ESOPHAGO- 
GASTRIC MYOTOMY FOR MEGAESOPHAGUS WITH 
A BALLOON-TIPPED CATHETER 


An upper midline abdominal incision is 
made, complemented by an extrapleural 
sternal split into the fourth intercostal space 
(Fig. 3). The diaphragm is divided in the 
midline to the pericardium. And if need 
be, the fibrous pericardium also is slit, thus 
removing the last restraint to retraction. 
Excellent exposure to the attic of the ab- 
domen is provided. The avascular ligament 
to the left lobe of the liver is cut, thus per- 
mitting the left lobe of the liver to be re- 
tracted to the right. A small opening is 
made in the avascular portion of the gastro- 
hepatic omentum at the upper end of the 
lesser curvature just to the right of the right 
esophageal crus. A finger is inserted be- 
neath the subdiaphragmatic esophagus and 
the peritoneum over the left esophageal 
crus is slit in the same manner. This maneu- 
ver permits ready elevation of the subdia- 
phragmatic esophagus upon a piece of tape. 
The hiatal orifice is enlarged and a blunt 
retractor (of the Green goiter variety) is 
inserted into the orifice for upward retrac- 
tion. Gentle retraction which is exerted 
upon the stomach uniformly brings a good 
length of the esophagus directly into view 
(Fig. 4a). 

A gastrotomy incision is made in the up- 
per gastric fundus (Fig. 4b) The surgeon 
inserts the index finger of his left hand 
through the gastrotomy incision into the 
esophagus and proceeds to make a myotomy 
incision through the circular muscle fibers 
of the esophageal wall. The balloon-tipped 
catheter now is introduced to accomplish 
ultimate rupture of the remaining individual 
esophageal fibers (Fig. 4b and c). Frequently 
in cardiospasm, it is found to be difficult or 
impossible to introduce a duodenal tube 
into the stomach prior to operation. Through 
the gastrotomy opening, the duodenal tube, 
though still lying in the thoracic esophagus, 
is readily grasped with a ring forceps. A 
Foley catheter with a concentric balloon is 
chosen, and a suture placed through the 
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Fic. 4. a, Mobilization of the subdiaphragmatic esophagus. A blunt retractor has been inserted 
in the esophageal hiatus. b, A short gastrotomy incision has been made and an extramucosal myotomy 
in the esophagus and upper stomach is in the process of being made; this incision is usually about 
12 centimeters in length. b, The duodenal tube lying within the esophagus has been withdrawn 
through the gastrotomy which is being fastened to the tip of the Foley catheter. c, The Foley catheter 
has been pulled into the upper portion of the extramucosal myotomy incision and is being inflated 
slowly with air. c}, The 3 positions employed to complete the disruption of unbroken esophageal 
circular muscle fibers with the aid of the air distended balloon. d, The myotomy has been completed; 
the gastrotomy incision has been closed. e, Approximation of the esophageal crura (No. 3-0 stitches). 
e1, Apposition of the perihiatal peritoneum to the seromuscular coat of the esophagus (No. 5-0 stitches). 


most distal eyes of the two catheters unites incision in the esophagus which, includ'ng 
them. The anesthetist then pulls the Foley the short incision in the gastric wall, is 
catheter into the esophagus to occupy the approximately 12 centimeters in len:th 
upper portion of the longitudinal myotomy __ (Fig. 4b). 


344 Surgery, Gynecology ¢ Obstetrics - September 1957 
\\N | than 
easi 
rei 
pha 
pul 
the 
i | be 
is 
it 
th 
fil 
se 
di 
P 
u 
4a 


Wangensteen: TECHNIQUE OF ACHIEVING ADEQUATE EXTRAMUCOSAL MYOTUMY 345 


The balloon is gently and slowly distended 
with air. Air is a far more responsive medium 
than water and can be much more readily 
and quickly withdrawn if the distention by 
the balloon appears to threaten rupture of 
the esophageal mucosa. At first, 5 to 10 cubic 
centimeters of air can be injected safely at 
atime. As the esophageal wall distends only 
increments of 1 to 2 cubic centimeters 
should be injected, waiting before more air 
is injected into the balloon. 

The surgeon observes closely, with a 
watchful eye, aiding the disruption process 
here’ and there by snipping a tight band 
with a small scissors, until the last visible 
restraint to distention of the balloon, now 
easily seen through the mucosa, has been 
removed. Complete disruption of the eso- 
phageal circular muscle fibers is obtained 
at the upper level before the balloon is 
pulled down for repetition of the procedure 
at a lower level in the esophagus. Neither 
is it wise to return to this same level again 
later in the operative procedure. The sur- 
geon satisfies himself that rupture of the 
fibers at the upper level is complete. ‘The 
balloon is then deflated and withdrawn to 
the midsection of the esophageal slit and 
is again distended to effect complete dis- 
ruption of the muscle fibers at this level. A 
gentle tug is maintained on the inlying 
duodenal tube by the anesthetist. ‘The sur- 
geon’s hand encircles the esophagus just 
beneath the rubber balloon precluding its 
slipping down to a lower level. In other 
words, a fairly snug fixation of the catheter 
is maintained at the desired level such that 
it cannot move either up or down during 
the process of disrupting circular muscle 
fibers by distention. When the brownish 
color of the thin air-filled balloon can be 
seen through the mucosa, the ballon is 
quickly deflated and the catheter is with- 
drawn to the lowest position. At this level, 
the surgeon’s left hand encircles the upper 
ed of the stomach to keep the balloon in 
piace, while through the agency of disten- 
ton disruption of the lower esophageal and 
u per gastric muscle fibers is effected. 


This maneuver, carried out in 3 positions, 
affords complete disruption of the esophag- 
eal and upper gastric circular muscle fibers 
over a good length (Fig. 4c,). Only twice 
during these 13 operations has a small punc- 
ture been made in the esophageal mucosa. 
In both instances, the tiny esophageal open- 
ing was closed with a single interrupted 
suture of fine No. 5-0 silk. No attempt is 
made to resuture the split in the longitudinal 
muscle fibers of the esophagus. 

The transverse gastrotomy incision is 
closed. Great care is observed to close the 
hiatal orifice snugly, much in the manner 
that one repairs a hiatal hernia (15). Three 
or 4 interrupted silk sutures (No. 000) are 
placed beneath the subdiaphragmatic esoph- 
agus apposing the esophageal crura. The 
operation is completed by the performance 
of a Heineke-Mikulicz pylorotomy, a pro- 
cedure which insures ready emptying of 
the stomach (Fig. 4d and e). 

The inlying duodenal tube is left in the 
stomach for about 48 hours. The patient 
is allowed to drink water directly after 
awakening from the anesthesia upon gain- 
ing complete reorientation. Patients are dis- 
missed from the hospital, barring complica- 
tion, approximately a week after operation. 

In the accompanying illustration from a 
dog’s esophagus is shown the resultant con- 
trasting appearance achieved by the con- 
ventional Heller myotomy compared with 
the extent of the extramucosal myotomy 
accomplished by means of an air distended 
balloon (Fig. 5). 


RESULTS 


X-ray films have been made quite regu- 
larly prior to admission and following the 
operative procedure before dismissal from 
hospital. The circumstance that emptying 
of the esophagus is complete directly fol- 
lowing the ingestion of barium in all in- 
stances of moderate esophageal dilatation 
affords promise that this technique of achiev- 
ing surgical relief in megaesophagus assures 
a result superior to that obtained with use 
of the conventional Heller myotomy. 


sts 
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__ 


b 
Fic. 5. Pictures made from microscopic sections (X 25) 
of a dog’s esophagus showing the contrasting difference 
between the extent of the conventional Heller myotomy 
(a) and that obtained by employing an air filled balloon 


to complete the disruption of the circular muscle fibers of 
the esophageal wall (b). 


Achievement of adequate and complete 
emptying of the esophagus by surgery with- 
out the hazard of courting complete rupture 
of the esophageal wall attending nonoper- 
ative disruption of the circular muscle by 
hydrostatic methods suggests that the 
method herein described is an anatomic and 
physiologic operation for megaesophagus. 
Olsen and his colleagues at the Mayo Clinic 
find that 60 per cent of patients with cardio- 
spasm respond to a single ‘“‘course”’ of hydro- 
static dilatations; that after 2 or more such 
*‘courses”’ of treatment 80 per cent respond; 
that recourse to operative relief has hecome 
necessary in their hands in 20 per cent of 
the cases. In their experience a complete 
“split” of the esophageal wall followed 
hydrostatic dilatation in 2 per cent of the 
patients. 

An obvious reason for hesitancy on the 
part of physicians and esophagoscopists in 
referring patients with cardiospasm earlier 
for surgical relief has been the circumstance 
that emptying of the esophagus has been 
no more complete attending the conven- 
tional Heller myotomy than accompanies 
hydrostatic dilatation. Moreover, there also 
has been a lurking fear that such an opera- 
tion might be followed by undesirable 
sequelae such as esophagitis. The avail- 
ability of a simple operative procedure, 


which effects complete and ready empt-ing 
of the esophagus upon the ingestion of ‘vod 
or barium, free from early or remote un- 
desirable side effects, should help to break 
down the resistance to operation for mvga- 
esophagus. If a single attempt at relieving 
the symptoms of cardiospasm by hyilro- 
static dilatation is unsuccessful, I) would 
urge acceptance of surgical extramucosal 
myotomy performed with air distention of a 
balloon-tipped catheter as the procedure of 
choice. 


SUMMARY AND CONCLUSIONS 


A simple surgical technique of performing 
the extramucosal Heller myotomy for mega- 
esophagus, employing an air-filled balloon- 
tipped catheter is described. In contrast 
with the nonoperative hydrostatic method 
as well as the conventional Heller myotomy, 
the technique herein described provides 
ready and complete emptying of the esoph- 
agus in all instances of moderate en- 
largement of the esophagus. Even in an 
instance of huge sigmoid tortuosity of the 
esophagus of 55 years’ duration, direct and 
satisfactory, though somewhat incomplete 
emptying of the esophagus was achieved. 
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SEVEN HUNDRED AND SEVEN CASES OF CONGENITAL 
HYPERTROPHIC PYLORIC STENOSIS 


CLIFFORD D. BENSON, M.D., F.A.C.S., Detroit, Michigan, and 
M. JAMES WARDEN, M.D., London, Ontario, Canada 


CONGENITAL PYLORIC STENOSIS treated sur- 
gically by the Fredet-Ramstedt procedure 
is probably one of the most satisfactory pro- 
cedures accomplished in pediatric surgery. 
It is now 69 years since Hirschsprung of 
Copenhagen published a report of 2 authen- 
tic cases, substantiated both by clinical and 
postmortem proof. Since that time there has 
been a constant interest in all phases of py- 
loric stenosis, and the excellent historical 
sequence of development up to the Fredet- 
Ramstedt procedure has been reviewed in 
detail by Mack and, as emphasized, in jus- 
tice to historical facts the operation is prop- 
erly called the Fredet-Ramstedt operation. 
This procedure is a permanent cure. 

In the present article we have reviewed 
our experience with this procedure in 707 
consecutive cases of patients operated upon 
during a 16 year period, from 1940 to 1955, 
on the Surgical Service of the Children’s 
Hospital of Michigan, and on our private 
service at Harper Hospital. 


ETIOLOGY 


The exact etiology of congenital pyloric 
stenosis has been unknown up to the present 
time. Theories of spasm versus primary hy- 
pertrophy have long been debated, and re- 
cently it has been suggested that there is a 
degeneration of ganglionic cells. Belding 
and Kernohan reported the microscopic 
findings in hypertrophic pyloric stenosis in 
infants and in adults. In 8 infants with hy- 
pertrophic pyloric stenosis there was a 
definite decrease from the normal number 
of ganglionic cells and nerve fibers in the 

From the Surgical Service, Children’s Hospital of Michigan, 
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pylorus, with no significant alteration !rom 
normal above and below the pylorus. ‘! hey 
believed that the cytoplasm of the gangli- 
onic cells appeared to be disintegrating. 
Friesen, Boley, and Miller did histologic 
studies of the myenteric plexus of the pylo- 
rus of the human fetus, the normal infant, 
and the infant with hypertrophic pyloric 
stenosis. They found that the layer of nerve 
cells, continuous at first, becomes segmented 
into plexuses or nests of cells. The number 
of plexuses per unit area in the normal and 
abnormal pylorus are essentially the same. 
They also found that normally ganglionic 
cells progressed to maturity so that the 
mature forms appeared shortly after full 
term birth while simultaneously the imma- 
ture cells decreased in number. In hyper- 
trophic pyloric stenosis mature ganglion 
cells rarely are present, and many undiffer- 
entiated and immature cells dominate the 
plexuses. They thought that failure of de- 
velopment rather than degeneration of 
ganglion cells was present in hypertrophic 
pyloric stenosis. 

It is believed by most observers that there 
is an imbalance in the neuromuscular mech- 
anism, and work hypertrophy of the pyloric 
muscle develops which manifests itself as 
partial or complete pyloric’ obstruction. 
In the pathologic studies of our own labora- 
tory we have not been impressed with ‘he 
changes in the ganglionic cells, and they 
have appeared to be in normal pattern in 
the 2 cases studied microscopically. 


INCIDENCE 


Of the 707 infants in our studies, 63 were 
colored, and 644 were white infants. In o ir 
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hosp'tal admissions the colored to white 
ratio is approximately 1 to 2, so the disease 
appears to affect the white infants more 
cominonly. 

It has been dernonstrated in practically 
all series that the males predominate, and 
this predominance has been as high as 8 or 
9 to 1. In our series there were 582 males 
and 125 females, or a ratio of approximately 
4to |. Fifteen of our infants were premature 
babies, and they all survived operation. 
There were 15 sets of twins, in 2 sets both 
required pyloromyotomy, and in the re- 
maining 13 only 1 twin of each pair had 
pyloric stenosis requiring surgical interven- 
tion. As far as family history of pyloric 
stenosis, it was found that 15 patients had a 
history that other siblings had been operated 
upon for pyloric stenosis, and 1 infant’s 2 
uncles had been operated upon in infancy. 
Two hundred and ninety were firstborn, 
but this may not be of real significance as 
Delprat and Pflueger have stated that fam- 
ilies in this country average only 1.5 chil- 
dren. It has been pointed out by others that 
this disease is more common in infants fed 
by formula, but when one considers that 
about 60 to 75 per cent of babies are not 
breast fed, this is probably not an important 
etiologic factor. 


SYMPTOMS AND SIGNS 


Vomiting, or regurgitation of the feed- 
ings, is the earliest manifestation of pyloric 
stenosis and usually begins at about 3 weeks 
after birth. In this series the average age of 
onset of vomiting was 21.1 days. The vomit- 
ing began immediately after birth in 27 
infants. In none of our 707 infants was there 
vorniting of bile, or bile stained fluid, which 
is of great importance in the differential 
diagnosis of other obstructive lesions of the 
gasirointestinal tract in the first few weeks 
of |\fe. It is the usual sequence of events that 
vo;niting may not be projectile at first, but 
in ‘ime as the degree of obstruction becomes 
mcre marked, projectile vomiting is more 
ev lent. Peristalic waves from left to right 
in he upper abdomen can be seen very fre- 


Fic. 1. Barium study of stomach demonstrating typi- 
cal ‘“‘string sign” at the pylorus and marked gastric 
retention. 


quently after feeding and are of diagnostic 
importance. 

The finding of a tumor mass in the right 
upper quadrant is confirmatory of the diag- 
nosis when accompanied by a history of 
projectile vomiting. Some authors have 
stated that an infant should not be operated 
upon for pyloric stenosis unless the tumor 
can be palpated. We do believe an effort 
should always be made to palpate it, but the 
degree of accuracy in palpation of the tumor 
will vary with the experience of the exam- 
iner. In our series, 68 per cent of the tumors 
were felt, according to the recorded infor- . 
mation. We agree with Schaefer and Erbes 
that if the history of pyloric stenosis is typi- 
cal and no tumor is felt on repeated exam- 
inations, x-ray examination following a 
barium meal is indicated to confirm the 
diagnosis and to avoid delay in operative 
correction. In this series, roentgenologic 
studies were performed in 181 of the 707 
infants, or in 25.6 per cent. This may seem 
to be a high percentage of patients requiring 
roentgenologic studies, but a fair percentage 
of these patients are referred for surgical 
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Preoperative Hospital Stay 
4 


Period of Study 


Fic. 2. Comparison of the average time required for 
preoperative preparation during each of the 3 periods 
studied. 


therapy by pediatricians who are desirous 
of confirmation of the diagnosis before rec- 
ommending surgical therapy (Fig. 1). 

With the vomiting and dehydration we 
also see loss of weight, decrease in the num- 
ber of stools, and constipation. If dehydra- 
tion is prominent there is an abnormal skin 
turgor and decreased urinary output. 

We agree with Donovan that the lowered 
morbidity and mortality in recent years has 
been due to better preparation of these 
patients for surgical intervention. With the 
availability of microchemical methods for 
determination of chemical imbalance, more 
accurate and effective therapy is possible. 
From 1940 to 1945 the average preoperative 
stay was 3.5 days, from 1945 to 1950 it was 
3 days, and from 1950 to 1955 it was 1.8 
days (Fig. 2). This observation indicates not 
only more accurate and effective preoper- 
ative therapy but earlier diagnosis, because 
during the last 5 years fewer infants came to 
the hospital in a critical state of dehydra- 
tion and chemical imbalance. Likewise, the 
postoperative stay has been greatly de- 
creased. From 1940 to 1945, 211 infants 
averaged 13.5 days, while from 1945 to 
1950, 295 infants averaged 7.9 days’ hos- 
pital stay, and from 1950 to 1955, 201 in- 
fants had a hospital stay of 5.4 days (Fig. 3). 


This fact is important not only fror an 
economic viewpoint but we believe i: re- 
duces the postoperative morbidity as ‘hese 
infants are then not exposed to infec: ions 
which may be contracted from other pa- 
tients or attendants. 


PREOPERATIVE PREPARATION 


Feeding. If a child is not dehydrated and 
is retaining some feedings, stock formula for 
premature infants may be fed every 4 hours 
until 4 hours before surgery; otherwise, 
nothing should be given by mouth. A plastic 
tube is inserted into the stomach, and the 
stomach is aspirated 1 hour before surgery. 
The tube is left in place. An intravenous 
apparatus is in place and running % hour 
before surgery. 

Diagnostic procedure. Carbon dioxide con- 
tent, serum chloride, and total protein are 
ascertained, and a complete blood count 
and urinalysis are performed. Other data 
as indicated (e.g., serum, potassium, and 
electrocardiogram) are obtained. Blood typ- 
ing and crossmatch-blood are available be- 
fore surgery. 

Preoperative fluid therapy. If the child is tak- 
ing fluids and retaining most of them, is hy- 
drated and in good condition, intravenous 
glucose in water is administered just before 
surgery. If the child must be given intra- 
venous fluids instead of oral feedings, 5 to 
10 per cent glucose in one-half strength 
saline is given if the carbon dioxide content 
is less than 30 milliequivalents per liter, and 
the chloride greater than 95 milliequivalents 
per liter; otherwise 5 to 10 per cent glucose 
in one-third strength saline (0.3 per cent) is 
given intravenously, plus sixth molar solu- 
tion of ammonium chloride subcutaneously. 
Two cubic centimeters per pound of sixth 
molar solution of ammonium chloride «re 
given subcutaneously for each milliequiv- 
alent the carbon dioxide content is above 
30 milliequivalents per liter. This dosage 
may be repeated depending upon sub:e- 
quent chemical analyses. After hydration 
10 to 20 milliequivalents per liter of pot: 's- 
sium chloride are added to all intravenc us 
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and subcutaneous fluids. If there is evidence 
after hydration of hypopotassemia by serum 
potassium determination or electrocardio- 
gram, 40 milliequivalents per liter of potas- 
sium chloride are added to fluids. Total 
fluids given are: 60 to 90 cubic centimeters 
per pound per day plus 5 to 10 per cent of 
body weight to replace dehydration loss, 
when present. If the plasma protein is low, 
10 cubic centimeters per pound of plasma 
are substituted for saline. If the hemoglobin 
is low, 5 to 10 cubic centimeters per pound 
of blood are substituted for saline. 

Other therapy. When tetany with severe 
alkalosis is present, e.g., convulsions, laryn- 
geal stridor, carpopedal spasm usually with 
secondary compensatory depressed respira- 
tion, or when the condition is critical, 10 per 
cent carbon dioxide with oxygen inhalation 
may be given, or 2 cubic centimeters per 
pound of intravenous calcium gluconate 
(diluted to 2 per cent) may be given as an 
emergency measure. Any infection present is 
treated. Vitamins B, C, and K are given 
parenterally before surgery. A Levin tube is 
inserted prior to operation so that the stom- 
ach is empty of fluid, gas, or barium to pre- 
vent aspiration during anesthesia. 


ANESTHESIA 


In the years between 1940 and 1945, 211 
infants were operated upon for pyloric steno- 
sis. Twenty-five operations were done under 
local anesthesia, 8 with combined local and 
supplemental general anesthesia, and 178 
under general anesthesia with the open drop 
ether method. From 1945 to 1950, 295 in- 
fants were operated upon, 1 premature baby 
in whom local anesthesia was used, 1 local 
and supplemental general anesthesia, and 
293 general anesthesia. During the period 
from 1950 to 1955, 201 infants were operated 
upon, and general anesthesia was used in all 
instances. 

Kor the period of the last 10 years covered 
in this study we have had ‘the services of 
anesthesiologists skilled in pediatric anes- 
th sia which have been of inestimable value 
to both the patient and the surgeon. 


Postoperative Hospital Stay 
14 


1940- A 19 45- 


Period of Study 


Fic. 3. Comparison of the average length of hospitali- 
zation following operation during each of the 3 periods 
studied. 


TECHNIQUE OF OPERATION 

The abdomen is opened through a high 
rectus muscle splitting incision over the liver. 
The pyloric end of the stomach is delivered 
into the wound and the tumor is rotated 
laterally so that the avascular area is evident. 
The incision is carried over the tumor on 
the anterior superior surface cutting through 
the serosa and slightly through the circular 
muscle. Care is taken to start the incision 
just proximal to the white line (junction 
pylorus and duodenum) and extending it on 
the gastric side the full length of the tumor. 
The circular muscle is now spread widely 
with the Benson pyloric spreader (Fig. 4) on 
the submucosa base the full length of the 
wound. This spreader enables one to com- 
plete the muscle separation very effectively 
with practically no bleeding or muscle frag- 
mentation and with much less chance of duo- 
denal perforation than if a fine or curved 
hemostat is used. 

In this entire series of 707 infants in whom 
the Fredet-Ramstedt procedure has been 
accomplished by using this pyloric spreader, 
perforation of the duodenal mucosa occurred 
in only 3 cases. In 2 instances the tear in the 
duodenal mucosa was recognized and closed 
with interrupted fine atraumatic sutures with 


an 
1d 

MM Wi Md Yy 
YY 
y YY 
1950-55 
ir 
it 

| 
| 


Fic. 4. Technique of spreading the hypertrophied 
pyloric muscle. 


uneventful recoveries. The third case is dis- 
cussed later. When other series are reviewed 
and the incidence of perforation during the 
muscle separation by use of the conventional 
straight or curved hemostat or the handle of 
the scalpel is found to be as high as 10 to 21 
per cent, one soon realizes the need for care- 
ful separation at the duodenal end. Perfora- 
tion at the duodenal end is a technical error, 
and if recognized and the perforation is 
closed recovery is usual. 

If, at the completion of the muscle separa- 
tion, there is some oozing from the muscle, 
even pressure with warm moist sponges will 
usually control it. If it continues, the local 
application of thrombin works admirably. If 
there is arterial bleeding or oozing from an 
isolated vein, we do not use hemostatic 
clamps but prefer a transfixation suture of 
No. 4-0 silk. After the completion of the 
separation, the pyloric end of the stomach is 
returned to the abdomen and the perito- 
neum, posterior rectus sheath, and trans- 
versalis fascia are closed with a running 
suture of No. 3-0 atraumatic chromic catgut 
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suture. The anterior rectus sheath is cl: sed 
with No. 4-0 silk interrupted sutures. {he 
skin is approximated with No. 5-0 n lon 
subcuticular sutures which are removed a 
week later. 


POSTOPERATIVE THERAPEUTIC REGIMEN 


Postoperative fluids are given to main iain 
a fluid intake of 60 cubic centimeters per 
pound per day when oral fluid intake is 
insufficient. This fluid is given as 5 to 10 per 
cent glucose in sixth-normal saline. 

Oral feedings are started 4 hours atter 
surgery, if the infant is alert and has a good 
sucking reflex. Ten per cent sugar water is 
alternated with one-half strength evaporated 
milk formula, every 2 hours, starting with 10 
cubic centimeters and increasing 10 cubic 
centimeters every 4 hours until 2 ounces are 
taken and retained at one feeding. Then the 
evaporated milk formula is increased to 
three-quarter strength and later to full 
strength. If vomiting occurs, there should be 
no increase, but the formula should revert to 
the strength last given and retained. If 
vomiting continues, one of the following may 
be tried: phenobarbital, atrophine, thora- 
zine, or thickened feedings. Any infection is 
treated. 


MORTALITY 


In the entire series of 707 infants in whom 
the Fredet-Ramstedt procedure was accom- 
plished, there were 4 operative deaths or a 
mortality rate of 0.6 per cent (Table I). 

In the single fatality resulting from an over- 
looked minute mucosal perforation at the 
site of the Fredet-Ramstedt procedure death 
occurred on the fourth postoperative day. 
This death was due to overwhelming peri- 
tonitis. In discussing this finding with the 
operating surgeon, it was recalled that there 
was considerable bleeding during the mus- 
cle separation which apparently obscur:d 
the perforation. This mishap emphasizes t!ie 
need for good hemostasis and for recheckiiig 
of the operative site before replacing te 
pyloric end of the stomach in the periton¢ il 
cavity. 


COMP 
4 — In 
1940 
fan 
inf 
mc 
Th 
we 
sul 
qu 
4 di: 
pa 
in 
je 
Ww 
ul 
Ww 
ir 
cl 
fc 
re 
fi 
v 
d 
r 


Benson and Warden: CONGENITAL HYPERTROPHIC PYLORIC STENOSIS 353 


COMPLICATIONS 

In the group of infants operated upon from 
1940 to 1945, numbering 211, seventeen had 
minor wound infections manifested by red- 
ness and inflammation at the site of the silk 
skin sutures. None of these were serious, and 
all cleared with removal of the skin sutures 
and the application of moist heat. Seven pa- 
tients had diarrhea, and 1 patient developed 
an incisional hernia. Two patients who had 
been operated upon elsewhere continued to 
have projectile vomiting and were reoperated 
upon, and an incomplete separation of the 
circular muscle was found in each instance. 
An incision was made in the persisting py- 
loric tumor, more inferior to the previous 
incision, adequate separation was accom- 
plished, and both patients made uneventful 
recoveries. 

In the group from 1945 to 1950, 295 in- 
fants were operated upon, and there were 22 
minor wound complications of redness and 
inflammation which cleared up upon re- 
moval of the skin sutures and the application 
of moist heat. One incisional hernia occurred. 
There was also 1 wound disruption which 
was closed with through-and-through silk 
sutures with a good recovery and no subse- 
quent incisional hernia. Two patients had 
diarrhea in the postoperative period. One 
patient was reoperated upon 4 days after the 
initial procedure because of persistent pro- 
jectile vomiting; an incomplete separation 
was found and corrected, and recovery was 
uneventful. 

In the 1950 to 1955 group, 201 infants 
were operated upon, and only 3 minor 
wound infections occurred. During this time, 
instead of interrupted sutures of silk sub- 
cuticular sutures of No. 5-0 nylon were used 
for skin closure. Nylon produces no local 
reaction and is removed at the time of the 
first dressing, 1 week postoperatively. There 
was 1 wound disruption which was closed 
with an uneventful recovery. Two patients 
developed diarrhea, and 1 patient required 
reoperation 6 days after the initial procedure 
because of incomplete separation. Recovery 
was uneventful following the second opera- 


TABLE I.—MORTALITY AND CAUSE OF DEATH FOR 
EACH OF THE PERIODS STUDIED 


Period No. of cases No. of deaths Cause 

1940-1945 211 1 Diarrhea 

1945-1950 295 1 Diarrhea 

1950-1955 201 2 1—diarrhea and 
anemia 37 days 
postoperatively 


1—perforation of 
duodenal mucosa 
with peritonitis 


tion. One infant had an associated perforated 
ulcer on the greater curvature of the stomach 
which was closed at the time of the Fredet- 
Ramstedt procedure and resulted in a good 
recovery. 


DISCUSSION 


These patients represented infants from 
both the clinic and private service. These 
operations have been performed by the at- 
tending pediatric surgical staff and the resi- 
dents under staff supervision. During the last 
6 years, from 1950 to 1955 inclusive, 38 per 
cent have entered the hospital with a degree 
of alkalosis with a carbon dioxide content of 
30 milliequivalents or more. More rapid and 
effective correction of fluid and chemical 
imbalance has enabled us to reduce the 
time required for adequate preparation for 
surgery. 

As we have stated before, the vomitus has 
never contained bile in any of our cases which 
is of great importance in the differential di- 
agnosis from duodenal stenosis or duodenal 
obstruction associated with malrotation, 
stenosis, atresia, or annular pancreas. In a 
few patients who have had severe vomiting 
before admission, we have obtained a his- 
tory of small amounts of blood in the vomi- 
tus. In those patients who vomit postopera- 
tively during the first 24 to 36 hours, gastric 
irrigation with warm saline usually is quite 
effective in correcting the situation. In these 
cases, considerable mucus is aspirated. The 
youngest patient operated upon was 4 days 
old, and he had a gastric perforation on the 
greater curvature as well as a definite py- 
loric stenosis. Two others were 11 and 12 
days old. Vomiting in all 3 began the second 
and third days of life, persisted daily, and 
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was projectile. One of these infants was pre- 
mature, weighing 4 pounds and 4 ounces. 


SUMMARY 


1. The exact etiology of congenital pyloric 
stenosis in unknown. Changes in the number 
of ganglionic cells or disintegration in the 
structure of these cells are all probably sec- 
ondary changes to an imbalance in the neu- 
romuscular mechanism and work hyper- 
trophy affecting the circular muscle of the 
pylorus. 

2. Pyloric stenosis is a disease which af- 
fects infants, regardless of race, and from this 
study it appears to be more common in the 
white infant. 

3. Of the 707 infants operated upon, 582 
were males and 125 females, or a ratio of 
approximately 4 to 1. 

4. The average age of onset of symptoms 
was 21.1 days, and the average age at the 
time of hospitalization was 33.9 days, or 4.8 
weeks. 

5. Two hundred and ninety infants were 
first-born children, or an incidence of 41 per 
cent, which is not of significance since the 
average American family has only 1.5 chil- 
dren. 

6. Vomiting was present in all of our 
cases, but in none did bile appear in the 
vomitus. 

7. Fifteen infants were premature, or an 
incidence of 2.1 per cent. 

8. A pyloric tumor was palpated in 68.2 
per cent preoperatively, and roentgenologic 
studies were done in 25.6 per cent. 


9. A pyloric tumor was found in all cases 
at operation. 

10. Duodenal mucosal perforation oc- 
curred is 3 instances and was recognized 
and closed in 2 instances with uneventful 
recoveries. In the other case it was over- 
looked and resulted in death from perito- 
nitis. We believe that this low incidence of 3 
duodenal perforations in 707 patients is due 
to two factors: (a) These operations were 
performed or supervised by surgeons exper- 
ienced in pediatric surgery. (b) The use of 
the special pyloric spreader has added much 
to the safety of separating the pyloric muscle. 

11. Four patients were reoperated upon 
because of initial incomplete muscle separa- 
tion and all made uneventful recoveries. Two 
of these patients had previously been oper- 
ated upon elsewhere. 

12. The operative mortality in 707 in- 
fants was 4, or 0.6 per cent. 
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HYDRODYNAMICS OF THE HUMAN COMMON DUCT 


HERBERT F. NEWMAN, M.D., and JANE D. NORTHUP, M.D., New York, New York 


MEASUREMENT OF PRESSURE within the hu- 
man common duct was introduced by Dou- 
bilet and Colp in 1937. Since then, Caroli 
(2) popularized cholangiography under 
manometric control, and extensive studies 
by modifications of his technique have radi- 
ated from the clinics of Albot in Paris and 
Mallet-Guy (8) in Lyons. We have restricted 
this report to an analysis of the hydrody- 
namics of the common bile duct studied in 
75 patients after cholecystectomy. 

After the gallbladder has been removed, 
the pressure within the common duct is 
largely controlled by five variables: the rate 
of secretion into the duct, the viscosity of 
these secretions, the intra-abdominal pres- 
sure at the level of the duct, the resistance of 
the sphincter of Oddi, and the pressure 
within the second part of the duodenum. 

Normally, the liver secretes between 0.20 
and 0.77 cubic centimeter of bile per minute 
but, under the influence of bile salts or se- 
cretin and in some cholerrhagic states, this 
figure may rise to 5 cubic centimeters per 
minute. Usually, pancreatic juice also passes 
through the sphincter of Oddi and its flow 
necessarily modifies choledochal pressure. 
Under secretin, as much as 6.6 cubic centi- 
meters of pancreatic secretion may enter the 
duodenum each minute. The sphincter of 
Oddi may, therefore, be subjected to a maxi- 
mal flow rate of approximately 12 cubic 
centimeters of mixed biliary and pancreatic 
secretions. 

The static pressure at any point within 
the abdomen can be estimated by consider- 
ing the cavity as filled with fluid of a slightly 
lower specific gravity than that of normal 
saline solution. In the supine position, intra- 
abdominal pressure at the level of the com- 
mon duct is, therefore, approximately equal 


™ _— the Surgical Service of the Beth Israel Hospital, New 
ork, 


to the distance between the duct and the 
anterior abdominal wall, as expressed in 
millimeters of saline. Respiratory excursions, 
cough, or straining indirectly affect chole- 
dochal pressure by altering intra-abdominal 
pressure. Our baseline for the measurement 
of duct pressure is the anterior abdominal 
wall, and we have never recorded one which 
was significantly below this level. Intra- 
abdominal pressure plays no role if measure- 
ments are taken at laparotomy where the 
baseline should properly be the common 
duct itself. 

For bile to enter the duodenum, the pres- 
sure in that viscus must be lower than the 
secretory pressure of the liver and pancreas. 
In the fasting state, intraduodenal pressure 
approaches that of the surrounding abdomi- 
nal cavity. However, spontaneous variations 
in duodenal tonus or contractile responses to 
specific foods cause transitory rises in pres- 
sure which at times may exceed 1,400 milli- 
meters of water. These excursions are re- 
flected in synchronous changes of chole- 
dochal pressure. The importance of intra- 
duodenal pressure on bile evacuation has 
been insufficiently appreciated. 

In the human, the sphincter of Oddi tele- 
ologically serves as a monitor of pressure 
within the extrahepatic biliary tract. It is 
generally accepted that vagal activity stimu- 
lates the sphincter, whereas a fat meal is 
followed at first by a contraction and later 
by a prolonged period of relaxation. Simple 
probing of the sphincter region and painful 
extrabiliary stimuli may cause sustained con- 
tractions. Further investigation is needed to 
evaluate the importance of the sympathetic 
chain, intrabiliary reflexes, and duodenal 
acidity. There is a difference of opinion as to 
the effect of cholecystectomy upon sphincter 
tonus. Four theories are current in this re- 
gard: the operation has no effect; it increases 
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Fic. 1. Normal sphincter. 


the tonus of the sphincter and is responsible 
for dilatation of the common duct; it de- 
creases the tonus of the sphincter; it tem- 
porarily decreases sphincter tonus and later 
increases it to normal or hypertonic levels. 
To solve this problem logically, one should 
compare sphincter resistance before chole- 
cystectomy to that after operation in a pa- 
tient with a normal biliary tract. This pro- 
cedure, to our knowledge, has never been 
accomplished. 

An increase in the viscosity of bile would 
demand a higher secretory pressure for an 
equivalent rate of flow. Viscid bile, encoun- 
tered in long standing obstruction, intro- 
duces another variable in this type of physi- 
cal analysis. 


INSTRUMENTATION 


For a continuous record of pressure within 
the common duct after cholecystectomy, the 
tube draining the duct must communicate 
with a low capacity manometer. The origi- 
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Fic. 2. Normal sphincter with slow accommodation. 


nal technique, a fluid column with a float 
recording on a smoked drum, has too much 
inertia and too large a capacity. A small 
tambour or bellows is necessary. For am- 
plification, we have tried 3 standard meth- 
ods, optical and mechanical magnification 
and an electronic transducer of the strain 
gauge type. The significant pressure varia- 
tions are of such a large magnitude and 
fluctuate so slowly that a small bellows 
with mechanical levers and ink recording is 
satisfactory. A pressure span of 500 milli- 
meters of saline is ample. When the chole- 
dochal pressure exceeds 350 millimeters, bile 
regurgitates into the hepatic sinusoids and 
lymphatics. 

After the air in the apparatus and tubing 
is replaced by fluid, the manometer is stabil- 
ized a few millimeters below the anterior 
abdominal wall. A record is then obtained 
of the pressure within the common duct at a 
time when the flow rate is maintained purely 
by the secretions of the liver and pancreas. 
We have called this ‘‘the basal choledochal 
pressure.” To study the response of the 
sphincter to higher rates of flow, fluid must 
be added to the system at a stable, measured 
rate. A De Bakey or Jouvelet pump with an 
eccentric cam compressing a segment of rub- 
ber tubing is useful. The tubing is connected 
to a rotameter which is calibrated for a span 
between 0 and 20 cubic centimeters per 
minute. 

Some of the early methods employed grav- 
ity to feed the perfusing fluid. If the flask is 
held 10 feet above the patient, there may 
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Fic. 3. Perfusion of hollow needles. 
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be an error of 9 per cent in constancy of flow. 
In one popular technique, a flask with a 
Murphy drip is gradually elevated, and its 
height is measured when fluid leaves the 
flask to enter the bile ducts. This height is 
almost invariably higher than the basal 
choledochal pressure, and a term for this 
initial level has been coined, “‘the pressure 
to overcome the resistance of the sphincter.” 
This term implies that the sphincter had 
been closed prior to the perfusion whereas 
most observers believe that bile enters the 
duodenum continuously, after a cholecystec- 
tomy. In Mallet-Guy’s technique, sufficient 
saline is injected with a syringe to produce 
“hyperpressure,” a level far beyond that seen 
in the normal. A 30 second tracing is then 
made of the fall in pressure when the injec- 
tion is stopped. We believe that this method, 
as well as the former, ignores the speed at 
which pressure is elevated and may produce 
a test artifact. In both, what is recorded is 
the pressure response of the sphincter to a 
relatively rapid increase in flow rate. 

After we have recorded the basal chole- 
dochal pressure, fluid is perfused into the 
system at gradually increasing rates and a 
record of perfusion pressure is obtained for 
each increment in flow rate. Before increas- 
ing the rate of flow, at each stage, a perfu- 
sion pressure is gained for at least 1 minute 
to permit accommodation to take place. In 
the combined roentgen and manometric 
studies done at laparotomy, an aqueous so- 
lution of radiopaque media has been used. 
As Mallet-Guy has claimed a slight irrita- 
tive action for these drugs, we have followed 
his example and use normal saline solution 
for perfusion. 


FINDINGS 


Normal sphincter of Oddi. ‘The opportunity 
to study a normal human biliary tract is 
rare. When the gallbladder is in situ, its 
absorptive capacity and motor responses 
render manometric interpretation difficult. 
We have studied a large number of cases, 
in which, at operation, the common duct 
was grossly normal, or in which stones were 
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Fic. 4. Choledochoduodenostomy. 


removed from the duct but the sphincter 
was considered normal. In all, postoperative 
cholangiograms revealed no sphincteric ab- 
normalities, and there has been no recur- 
rence of symptoms in follow-up for months 
to several years. The cases were investigated 
long enough after cholecystectomy to per- 
mit subsidence of any reaction to the surgi- 
cal trauma. 

The basal choledochal pressure was below 
20 millimeters of saline in every case. This 
observation has been in agreement with the 
numerous observations of others done either 
at laparotomy or postoperatively when the 
upper level for a normal common duct pres- 
sure has been established at 150 milli- 
meters from the common duct or 50 milli- 
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Fic. 5. One arm of T tube passed through sphincter 
into jejunum. 
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Fic. 6. Partial obstruction of common duct by tumor. 


meters from the anterior abdominal wall. 
On perfusion, as the rate is increased there 
is a transitory rise in pressure which reverts 
to normal until over 12 cubic centimeters 
are instilled per minute (Fig. 1). In 1 case, 
as much as 60 cubic centimeters could be 
perfused each minute without significantly 
altering the pressure. In several cases, ac- 
commodation was slow, requiring either re- 


peated testing or perfusion beyond a minute. 


for each increase in flow rate (Fig. 2). In 
Horta’s studies at laparotomy (6, 7), the 
normal sphincter permitted a flow of at 
least 15.5 cubic centimeters per minute with 
a pressure head of 300 millimeters of saline. 

The luminal diameter of the normal 
sphincter is of more than academic impor- 
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Fic. 7. Retained calculus in distal portion of common 
duct. 


tance. As the sphincter consists of circularly 
disposed fibers, it embraces a potential 
rather than an open geometric space. Meas- 
urement by the anatomist is as meaningless 
as in the case of the anus. The physicist may 
apply Poiseuille’s law for the flow of fluids 
through narrow channels or a suitable for- 
mula for flow through a jet orifice but the 
distal portions of the common duct, sphinc- 
ter, and papilla of Vater do not hydrody- 
namically satisfy either structural form. We 
have attempted a visual approximation by 
perfusing fine bore tubing, 10 millimeters 
long. A No. 19 hypodermic needle with a 
luminal diameter of 0.67 millimeter exerts 
insufficient resistance to cause an elevation 
of pressure at a flow rate of 15 cubic centi- 
meters per minute. Finer needles produce a 
rise in pressure with a staircase pattern as 
the flow is increased (Fig. 3). The surgeon is 
apt to measure the luminal diameter by 
graded dilators and usually accepts 3 milli- 
meters as the lower limit of normal. This 
technique ignores the pressure required to 
pass the dilators, a force which cannot be 
estimated with an accuracy of 50 to 100 
millimeters of saline. 

Complete obstruction of the lower end of the 
common duct. Complete obstruction is usually 
due to neoplasm, infrequently to pancre- 
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Fic. 8. Postcholecystectomy pain spasm simulating 
organic obstruction. 
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atitis, and rarely to common duct calculus. 
In the face of a total block, the liver con- 
tinues to secrete a qualitatively altered bile 
until the terminal phases of the disease. The 
basal choledochal pressure is above 50 milli- 
meters but rarely exceeds 200 millimeters 
above the anterior abdominal wall when 
bile regurgitation takes place. The sustained 
biliary hypertension is responsible for the 
dilatation of the ducts. If the duct should be 
partially emptied of its contents and saline 
is perfused, the pressure rises steadily with a 
slope proportionate to the speed of per- 
fusion. 

Elimination of the sphincter of Oddi. When a 
wide choledochoduodenostomy is performed, 
choledochal pressure is virtually the same as 
that of the duodenum. The effect of sphinc- 
terotomy is determined by the completeness 
of the operation. Division of only the 
papillary fibers leaves behind the more 
powerful choledochal muscle. This may be 
all that is necessary in a particular case but 
one must not expect total loss of sphincter 
action. A complete sphincterotomy often 
entails division of fibers beyond the outer 
wall of the duodenum. An operation of this 
magnitude produces the same hydrody- 
namic effect as after a choledochoduodenos- 
tomy or when one arm of a long T tube 
protrudes into the second part of the duo- 
denum. In all 3 instances, both the basal 
choledochal pressure and perfusion pressures 
at higher rates of flow are equivalent to that 
of the duodenum. The pressure remains at 
a level of a few millimeters without signifi- 
cant change at rapid perfusion rates (Fig. 4). 
If the long arm of the tube is passed into 
the jejunum, appreciable pressures from 
the small bowel are recorded (Fig. 5). 

Dilatation of the sphincter by bougies or 
Bakes’ dilators produces inconstant and 


_ transient effects. In none of our cases so 


treated was sphincteric activity abolished 
when tested 10 or more days after operation. 
This observation is confirmed by the fact 
that we have never seen air or reflux of 
barium into the biliary tree after endo- 
choledochal dilatation, although it is uni- 
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Fic. 9. Normal sphincter, spasm overcome by amyl 
nitrite. 


versally present when sphincter action is 
completely destroyed. 

Partial obstruction of the distal part of the 
common duct. Incomplete organic obstruction 
may be caused by calculus, pancreatitis, 
tumor, stricture, or stenosing papillitis. The 
basal choledochal pressure is usually elevated 
but may remain normal. At higher rates of 
flow, but remaining within physiologic 
limits, the staircase phenomenon appears 
similar to that observed when a fine bore 
needle is perfused (Figs. 6 and 7). On re- 
peating perfusion, reproducible curves may 
be obtained. 

In some cases, a similar pattern is obtained 
but on repeated observations, there is a 
greater variability in response and if the 
observer is patient, even a normal tracing is 
secured (Fig. 8). This represents a transient 
episode of ‘‘spasm”’ of the sphincter (‘“‘func- 
tional hypertonia”’ in the French literature). 
The differentiation between spasm and 
partial organic obstruction is not always 
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Fic. 10. Residual pressures in a patient with spasm, 
perfused by the technique of Mallet-Guy. 
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Fic. 11. Response to a fat meal in patient with spasm. 


possible by cholangiography alone. The 
manometric distinction rests upon the dem- 
onstration of a return of pressure to normal. 
Postoperatively, this may be assisted by one 
of several methods: (1) Inhalation of amyl 
nitrite. When a normal duct is perfused at a 
rapid rate to maintain a high choledochal 
pressure, amyl nitrite may reduce it in some 
cases but in others it has either no effect or 
produces a rise in pressure (Fig. 9). In some 
cases of spasm, amyl nitrite has a similar 
effect. Peculiarly enough, along with Hess 
and Caroli (3) we have noted thai amyl 
nitrite may cause a small drop in pressure 
even when obstruction is produced by car- 
cinoma (Fig. 6). (2) Instillation of procaine 
into the common duct. This has been re- 
ported to be of value, but in 3 cases we ob- 
tained no effects from 10 cubic centimeters 
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Fic. 12. Normal sphincter, response to fat meal. 
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of 1 per cent procaine. (3) Repeated perfu- 
sion with periods of rest. Functional spasm 
is rarely maintained at the same level for 
the same perfusion rate. This fact is exem- 
plified in a case of perfusion by the technique 
of Mallet-Guy (Fig. 10) in which a typical 
staircase pattern of residual pressure was 
obtained on 6 successive tests and a fall was 
noticeable only on the seventh attempt. 

Little is known about the primary causes 
of these functional spasms of the sphincter of 
Oddi. In 2 patients with repeated colics 
following cholecystectomy, re-exploration 
revealed no organic explanation for the 
pain, and the common ducts were normal 
in size. The basal choledochal pressures were 
normal, but on perfusion there were typical 
pictures of spasm. In both these cases, a test 
fat meal induced severe colic accompanied 
by an enormous rise in pressure with a relief 
of pain on discontinuing the perfusion 
(Fig. 11). The normal response to fat is a 
short, mild rise in pressure followed by a 
fall (Fig. 12). Both patients have remained 
symptom-free on a fatless diet. These 2 cases 
are apparently examples of sphincters which 
are hyperreactive to 2 physiologic stimuli, 
increase in flow rate and fat. They suggest 
that these 2 stimuli may be used as a pro- 
vocative test for the degree of sphincter 
irritability. The discovery of an irritable 
sphincter does not necessarily call for defini- 
tive surgical treatment. Functional spasms 
were reported by Mallet-Guy in 10.7 per 
cent and by Hess in 9.3 per cent of their 
cases of cholelithiasis confined to the gall- 
bladder. In many of their patients whose 
functional sphincter disorder was untreated 
symptoms did not develop after cholecystec- 
tomy. None of our patients with spasm 
except the 2 with fat sensitivity ever had 
postoperative pain. 

Pain on distention of the biliary tract. None of 
our patients suffered any pain on perfusion 
of the common duct until a pressure exceed- 
ing 200 millimeters of saline above the ab- 
dominal wall was reached. McGowan has 
demonstrated that the pressure threshold 
for pain is decreased by inflammation of the 
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common duct but none of our patients had 
residual cholangitis at the time of examina- 
tion. We have noted a similar correlation 
between the pressure threshold for pain and 
inflammation of the gallbladder. In chole- 
cystostomy for carcinoma of the pancreas 
when the gallbladder was normal, a probe 
could be passed through the tube and con- 
siderable pressure exerted upon all parts of 
the gallbladder wall without eliciting pain. 
In cholecystostomy for acute cholecystitis, 
the slightest touch was very painful. 


SUMMARY 


1. The hydrodynamics of the normal and 
diseased common duct was studied by con- 
trolled manometry after cholecystectomy. 

2. The role of manometry in the diagnosis 
of spasm of the sphincter of Oddi is described. 

3. Observations on pain induced by dis- 
tending the biliary tract are recorded. 
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EDITORIALS 


WHAT OF THE MAN? 


COLIN C. FERGUSON, M.D., F.R.C.S.(C), F.A.C.S., Winnipeg, Manitoba, Canada 


Many surGEOnsS hold positions in which they 
are entrusted with the education and train- 
ing of surgical residents. These residents are 
the surgeons of the future, and I believe that 
we can be justly proud of the young men and 
women who are being trained as surgeons 
today. Their surgical judgment, technical 
ability, and knowledge are greater than 
those who have gone before them. 

To my mind, however, we are to a certain 
extent tending to neglect one fundamental 
component which should be a part of the 
personality equipment of every surgeon. 
What of the man? What of his responsibili- 
ties to his community, to his country, and to 
his fellow man? What about his family, and 
his life outside the hospital? 

In modern medical and surgical training 
the emphasis is placed upon the training 
of the doctor, while the man goes neglected. 
I like to differentiate between the ‘“‘technical 
surgeon”’ and the “‘thinking surgeon.” The 
former merely operates, the latter investi- 
gates, diagnoses, and treats his patients with 
sound principles based on anatomy, physiol- 
ogy, biochemistry, pathology, and his over- 
all knowledge of human beings. In further 
distinction there is also the surgeon who may 
be designated the “complete surgeon” and 
who not only carries out the duties of the 
**thinking surgeon” but also assumes his total 
responsibilities in life. How often one hears a 
busy surgeon state that he has not the time to 
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take part in community affairs, to serve on 
school boards, and church committees. He 
sometimes even fails to vote—that one funda- 
mental right and responsibility of all free 
men! 

In recent years it appears to me that the 
doctor has lost much of the respect he was 
once accorded by his fellow man. Why is this? 
Certainly it is not because he has failed to ad- 
vance medical science. It is common knowl- 
edge that man’s life expectancy has been 
greatly lengthened even over what it was 10 
or 15 years ago, and it is known by all that 
many diseases, heretofore fatal, can now be 
successfully treated. Perhaps the recent 
squabbles concerning state health, the dis- 
honesty of a few doctors in charging excessive 
fees under insurance plans, the rumors of fee 
splitting and ghost surgery are the cause of 
this lost respect. These may all be contribut- 
ing factors, but I believe the fundamental 
issue is the doctor’s neglect of ‘“‘the man.” 

Not long ago the medical man’s advice 
was sought on almost every problem arising 
in the community. His knowledge and his 
common sense were relied upon and his ad- 
vice followed. He was respected not only as a 
physician or surgeon but as a man. It is true 
that in recent years the science of medicine 
has expanded to such a degree that the doc- 
tor has had to specialize, and as a result has 
learned more and more about fewer and 
fewer things. His education and training 
have become restricted to such an extent that 
he now knows little outside his chosen field. 
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It is quite easy to criticize, difficult to 
construct, and the question arises, what is 
to be done? 

Education should be broadened—not re- 
stricted. Starting back as far as the schools, 
greater —not less—stress should be placed on 
broad, all encompassing subjects. Premedi- 
cal courses should require study in history, 
literature, languages, and economics, and 
even in medical school there should be given 
required, though electively chosen, courses 
in broad subjects. Admittedly the medical 
course is already long and the knowledge at 
hand too great to assimilate in 4 short years. 
Itis my contention, however, that it is a mis- 
take to attempt to teach all of medicine, at 
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the expense of general knowledge. This 
broadened education should be carried into 
resident training, and surgeons responsible 
for the teaching of young men should not 
only stress efficiency and medical knowledge, 
but should set the example by being also in- 
terested in the affairs of their community and 
country. 

Let us not forget “‘the man” in the training 
of surgeons, and let us regain the respect and 
honor of our neighbors. Sir William Osler, 
perhaps the greatest physician of recent 
times, was great not only because of his con- 
tributions as a doctor, but also as a man. Let 
us try to emulate his “way of life” in our 
actions today. 
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HEMODYNAMIC ALTERATIONS RESULTING FROM 
BLOOD VESSEL GRAFTS AND PROSTHESES 


WORTHINGTON G. SCHENK, JR., M.D., Buffalo, New York 


THE DEVELOPMENT of methods for replace- 
ment of major vascular segments damaged 
by disease or trauma would seem to be one 
of the foremost advances of this decade. 
Arterial homografts may be sterilized, pro- 
cessed, and stored in a variety of ways; and, 
after implantation, can be shown to result 
in an anatomically acceptable channel. 
More recently a series of synthetic prostheses 
such as vinyon-N, orlon, and nylon have 
been fashioned so as to result in a patent 
conduit for blood after implantation. The 
anatomic follow-up studies of these new ar- 
terial channels have been extensive, while, 
to date, the functional effects of implanta- 
tion of these various substances have been 
largely ignored. It is not unreasonable to 
predict that a variety of hemodynamic 
changes might result from implantation of 
such materials into the major vessels of the 
proximal arterial tree. 

Recent electronic developments have 
made the recording of intra-arterial pres- 
sure curves a rather simple and accurate 
determination with minimal disturbance to 
the vessels being studied. 

A series of control studies in normal dogs 
revealed a rather startling contradiction of 
a time-honored classical physiologic teach- 
ing. The commonly accepted view is that 
the pulse pressure is highest in the proximal 
arterial system and diminishes progressively 
toward the periphery. Recent studies in both 
dogs and man have indicated just the reverse 
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to be true; i.e., the pulse pressure increases 
from the aortic arch to the smallest arterial 
channel in which it can be reasonably meas- 
ured. The peripheral systolic pressure uni- 
formly exceeds the central systolic pressure 
generated by the same heartbeat, often by 
as much as 100 per cent. 

It has been found that cloth prostheses 
interfere rather markedly with this normal 
pulse pressure progression while homografts 
interfere very little, at least up to 1 year 
after implantation. 

There is no currently available explana- 
tion for all the observed pressure relation- 
ships in the arterial system, particularly such 
apparent impossibilities as blood flowing 
from a site in the distal arterial system to a 
site more proximal through an external 
shunt; this latter, of course, indicates a higher 
mean arterial pressure distally than proxi- 
mally, which is occasionally recorded. 

Much remains to be done in elucidating 
these basic hemodynamic changes. Elec- 
tronic advances have made possible great 
refinement in study of arterial pressure rela- 
tionships. The more difficult but also prob- 
ably more important problem of determina- 
tion of blood flow under a variety of normal 
and abnormal states awaits further improve- 
ments in methods of measurement of flow 
in the intact vessel. Electronic methods are 
now under study which may add enormously 
to the fund of knowledge in basic vascular 
dynamics. 
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THE SURGEON AT WORK 


AN EVALUATION OF HUMAN BLOOD PROCESSED IN 
PLASTIC ‘TRANSFUSION EQUIPMENT 


CARL W. WALTER, M.D., F.A.C.S., LAWRENCE N. BUTTON, B.S., and 
ROY E. RITTS, JR., M.D., Boston, Massachusetts 


THE CLINICAL, TECHNICAL, AND LOGISTIC AD- 
VANTAGES of plastic blood processing equipment 
were quickly recognized by cardiovascular sur- 
geons, obstetricians, large processors of blood, 
and the military establishment following its in- 
troduction in 1949. Concern was expressed, how- 
ever, that contact with the plastic might be 
harmful to blood stored for periods customary to 
blood bank practice. The choice of plastic was 
predicated on criteria intended to provide opti- 
mum conditions for blood preservation (8). Non- 
leachability, low vapor transmission, resistance 
to penetration by bacteria and fungi, hemorepel- 
lency, and stability to heat were the properties 
that dictated the selection of the particular plastic 
from hundreds of formulas. These criteria di- 
rected the development of the improved plastics 
currently available which provide a better en- 
vironment than glass for the storage of blood. 
Continued progress can be expected as the de- 
mand for biologically inert plastics increases and 
criteria are defined more exactly. _ 

The original technique exploiting plastics was 
built around the decalcification of blood by pas- 
sage through a cation exchange column during 
collection into a plastic bag (Fig. 1) (9, 10). The 
needs peculiar to specific recipients for minimal 
volume, intact clotting mechanism, low sodium 
intake, or absence of calcium depletion due to 
excess citrate were satisfied by unadulterated ion 
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exchange blood. Emerson determined the short 
term survival of red cells collected through resin 
using the Ashby technique of differential ag- 
glutination. His results were consistent with those 
expected for citrated blood stored with no nu- 
trient or buffer. Ion exchange blood is used with 
increasing frequency for control of bleeding, for 
massive transfusions, and for loading biomechan- 
ical devices such as pump-oxygenators. The un- 
conventional collection technique, the 10 day 
outdating period, and greater cost have limited 
its use to hospitals in which strong clinical de- 
mand has been established. 

Adaption of plastic equipment to the acid 
citrate dextrose technique (13) permitted storage 
of blood in plastics for periods comparable to 
those customary with glass (Fig. 2). Prolonged 
contact of the blood with plastic during refrig- 
erated storage provided the potential oppor- 
tunity for deterioration. Sack and Gibson investi- 
gated the survival of red cells preserved by ACD 
solution A in plastic bags using the Ashby tech- 
nique. They reported satisfactory, immediate, 
and long term survival after transfusion. In con- 
trast, Wall confirmed excellent immediate survi- 
val but reported marginal long term survival 
after transfusion compared to red cells stored in 
glass. Strumia reported experience with red cell 
survival after storage in plastic containers sup- 
plied by different manufacturers at intervals dur- 
ing the period from 1951 to 1955. He noted a 
variable effect on the red cells with increased 
survival as plastics were improved. His final con- 
clusion, based on Cr®*! tagging studies was that 
the survival of red cells is actually better after 
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TABLE I.—IN VITRO SCREENING DETERMINATION 
Sample, No. Hemolysis in 


Plastic days 0.6 per cent NaCl 
Polyvinyl chloride A........... 0 0 
4 
14 
28 12 
Polyvinyl chloride A........... 0 0 
21 13 
28 18 
Polyvinyl chloride B........... 0 0 
7 0 
14 5 
21 5 
26 4 
Polyvinyl chloride C........... 0 0 
21 4 
Polyethylene bottle, 1.......... 1 0 
22 24 
31 50 
Polyethylene bottle, 2.......... 8 6 
15 13 
23 20 
21 14 


storage in suitable plastic than in glass, average © 


survival after 21 days’ storage at 5 degrees C. 
being 87 per cent, in contrast with 70 per cent in 
standard glass bottles. Further investigations by 
Gibson, using the Cr* isotope tagging technique 
(3), demonstrated 80 per cent red cell survival 
in blood refrigerated in plastic for 21 days at 5 
degrees C. In vivo studies on blood stored in 
plastic bags after a shelf life approaching 2 years 
showed no diminution in erythrocyte survival. It 
may be concluded, therefore, that ACD solution 


does not leach toxic materials from the plastic or 
deteriorate its surface. 

The inconsistency of results reported by the 
various investigators emphasized the relationship 
between the properties of the plastic and red cell 
survival, and presumed the opportunity for in- 
creased survival with improved plastics. 

Accordingly, an investigation was initiated to 
screen various plastics with established in vitro 
techniques for evidence of desirable characteris. 
tics, prior to undertaking in vivo survival experi- 
ments using Cr®! tagging methods of autoin- 
fusion. 


METHODS 


In vitro. Measurement of hemolysis of blood 
(0.02 ml.) in 0.6 per cent sodium chloride (10 
ml.) was accomplished with the Klett colorim- 
eter by a modification of the method of Par- 
part. Plasma hemoglobin was determined by a 
benzidine method suggested by Gibson (2). The 
hematocrit was determined by the method of 
Wintrobe. 

In vivo. Posttransfusion survival of infused hu- 
man red cells was measured by the method de- 
scribed by Gibson (2), using the blood volume 
as determined by both extrapolation of the im- 
mediate posttransfusion level of Cr* activity 
and by an independent procedure in which 
fresh autologous cells tagged with radiophos- 
phorus are used. 


TABLE II.-AUTOGENOUS RED CELL SURVIVAL STUDIES AFTER STORAGE FOR 21 DAYS 


Phosphate Plasma Plasma 
whole blood, hemoglobin, Plasma potassium, 
mgm. per cent mgm. per cent pu mE./L. 
2319 12 6.65 21 
17.4 13 6.60 29 
11.0 19 6.85 - 
11.8 18 6.90 
10.6 38 6.85 - 
10.8 18 6.8 - 
11.4 30 6.85 - 
10.4 16 6.80 - 
12.8 4 7.10 19 
11.6 8 
12 10 7.0 17 


AUTOGENOUS RED CELL SURVIVAL STUDIES AFTER STORAGE FOR 28 DAYS. 


Stored Hemolysis in 
time, Survival, 0.6 per cent 
Donor Sex Age days per cent sodium chloride 
P.F. M 22 21 93 8.0 
R.D. M 19 22 84 11.0 
W.C M 22 21 85 2.0 
LS. M 18 21 66 16.0 
A.C. M 32 21 80 9.0 
R.V. M 27 22 83 7.0 
E.T. M 24 21 92 4.0 
*F.C. F 36 21 84 5.0 
N.H F 23 21 93 TA 
G.H. M 34 21 82 2.7 
RS. M 26 21 81 5.7 
Av. 84 
R.W. M 22 28 76 7.4 
S.B. M 22 28 67 7.0 
M.M. M 23 28 76 8.0 
R.M. M 25 28 65 18.5 
R.B. M 24 28 72 6.4 
RB. M 21 28 74 9.9 
Av. 72 


— 14 6.67 30 
13 6.67 28 
11.4 66 6.90 - 
11.6 18 6.8 23 
11.6 12 6.9 24 
19:3 14 6.6 31 


*This experiment was a homo transfusion into a patient with a clinical diagnosis of nonspecific anemia and fever of unknown origin. 


RESU 
R 
tion: 
pror 
Tab 
: 
stor: 
fusic 
frige 
wor 
age 
hou 
for 
A 
a pl 
Civ 
cen 
obs 
not 
pro 
in 
chl 


Fic. 1. 


Fic. 2. 


Fic. 3. 


Fic. 1. Ion exchange pack for decalcification of blood during collection. The resin column is dis- 
carded once the donor tube is sealed. Platelets can be eluted from the column if all appropriate resin 


is used. 


Fic. 2. Pack with integral donor tube as it appears filled with ACD blood in a storage rack. The 
multiplicate numbered donor tube permits periodic sampling simply by stripping the blood into the 
bag and allowing the tube to refill. The end segment is then sealed off and severed through the 


sealed area. 


Fic. 3. A large bore coupler permits blood to flow readily into the 70 mesh nylon filter. The 
filtered blood then drips through a standard drop jet. Positive pressure infusion is accomplished 
without hazard of air embolism by compressing the pack manually or in a pneumatic press (left). 


RESULTS 

Results of the screening in vitro determina- 
tions are shown in Table I. These figures 
prompted the manufacture of bags from plastic 
“B” and the in vivo determinations shown in 
Table II. 

The beneficial effect of plastic on red cell 
storage is demonstrated by an average postin- 
fusion survival of 84 per cent after 21 days of re- 
frigeration at 5 degrees C. It is particularly note- 
worthy that the survival rate after 28 days’ stor- 
age exceeds the standard 70 per cent survival 48 
hours after infusion established as the criterion 
for satisfactory storage in glass at 21 days. 

A single determination on blood processed in 
a plastic bag following storage by Massachusetts 
Civilian Defense for 20 months showed 85 per 
cent postinfusion survival of the red cells. This 
observation indicates that the ACD blood does 
not leach toxic material from the plastic during 
prolonged contact. In 3 cases blood processed 
in plastic containers, fabricated of polyvinyl 
chloride B, following storage at room tempera- 


ture for 22 months yielded an average survival 
of 77 per cent after 21 days’ refrigerated storage. 

The literature on plastic equipment and most 
discussions make reference to the potential toxic- 
ity of metallic constituents of plastic. Polyvinyl 
chloride B contains no metal-bearing constitu- 
ents. Table III lists spectrographic analysis of 
the plastic itself, and that of the ACD solution 
stored in the plastic at 60 degrees C. for 4 weeks 
to illustrate that chemical contamination has not 
occurred during processing, and that metals are 
not leached from the plastic during “‘accelerated 
aging.” 


CLINICAL EXPERIENCE 


Plastic blood transfusion equipment made by 
one manufacturer has been in continuous use at 
the Blood Bank of the Peter Bent Brigham Hos- 
pital since 1950. Experience with bacteriologic 
contamination and pyrogenic reaction is listed 
in Table IV. 

Prior to infusion, 5,825 bags of blood (87.2 
per cent of those infused) were cultured (12). 
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TABLE III.—SPECTROGRAPHIC ANALYSIS OF 


PLASTIC 
ACD solution 
Plastic stored in plastic 
(low) 


Elements checked but not found: cobalt, molybdenum, nickel, zinc, 
cadmium, indium, bismuth, antimony, arsenic, titanium, beryllium. 

N.F.—no figure. 

Minor—1 to 5 per cent estimated. .X, .OX, .00X, etc.—concentra- 
tion of the elements estimated to the nearest decimal place, e.g., 
-0X-.01-.09 per cent estimated. 


TABLE IV.—CONTAMINATION AND REACTION 
RATES, PLASTIC BLOOD PACKS, PETER BENT 
BRIGHAM HOSPITAL BLOOD BANK 


1955 
Jan. to 
1951 1952 1953 1954 June Total 

Collected 

in plas- 

tic bags 1343 1433 1548 1942 1225 7491 
Infused 

from 

plastic 


bags... 1099 1297 1436 1678 1149 6659 


Cultured— 
bags... 458 1148 1133 1862 1224 5825 


Per cent of 
infused 


cultured 41.7 88.5 78.9 111.0 106.8 87.2 


GG. 56s 3 13 6 6 3 31 


Per cent of 

bloods 

cultured 

having 

positive 

cultures 0.65 1.13 0.53 0.32 0.24 0.53 
Per cent of 

pyro- 

genic re- 

actions 

in bloods 

infused . 1.64 0.69 0.84 0.66 0.44 0.83 


Positive cultures were reported in 0.53 per cent. 
Pyrogenic reactions occurred in 0.83 per cent of 
6,659 infusions of blood handled in plastic equip- 
ment. No clots were demonstrated in the bags 
when emptied or in administration sets (Fig. 3). 

Multiple transfusions in individual patients 
provide an opportunity for manifestation of 
cumulative toxic effects or other untoward re- 


TABLE V.—TRANSFUSIONS AT PETER BENT BRIG. 
HAM HOSPITAL FROM JULY 1, 1952 TO JUNE 
30, 1955 


No. of transfu- No. of 
sions per patient 1953 1954 1955 bloods 
1 243 275 284 802 
2 244 228 227 1398 
3 110 148 141 1197 
4 79 66 85 920 
5 43 56 1 780 
6 40 43 38 726 
7 20 25 25 490 
8 15 20 25 480 
9 9 16 17 378 
10 9 11 11 300 
11 7 9 7 253 
12 4 6 2 144 
13 4 | 
14 3 5 is 210 
15 7 2 3 75 
16 4 3 3 160 
17 2 1 15 306 
18 1 4 1 108 
19 1 19 
20 a 1 4 100 
21 1 a 3 84 
22 1 o 1 44 
23 1 23 
24 2 48 
25 -- 2 1 75 
26 2 — 2 104 
28 1 28 
29 1 29 
30 2 60 
31 1 1 — 62 
32 = 1 1 64 
34 1 34 
37 1 1 — 14 
38 1 — _ 38 
40 1 40 
46 1 46 
48 1 48 
56 1 56 
106 1 106 
152 1 152 
Total 2,746 10,185 


actions. Table V indicates the distribution of 
transfusions among 2,746 patients, of whom 
22.03 per cent received 5 or more units of blood. 
No unfavorable clinical reports resulted. 


SUMMARY 


Data are presented which indicate increased 
posttransfusion survival of erythrocytes in human 
blood collected, stored, and infused in plastic 
equipment as compared with blood processed 
in conventional glass containers. 

The clinical experience of 4 years’ use of blood 
stored in plastic bags is presented to demonstrate 
low rates of bacterial contamination and pyro- 
genic reaction. 
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HEAT SEALED DACRON TAFFETA BLOOD 


VESSEL REPLACEMENT 


HOWARD PIERPONT, M.D., and BRIAN BLADES, M.D., F.A.C.S., 


Washington, District of Columbia 


OUR PRESENT SOCIETY has been reluctant to 
donate blood vessel tissue with the same con- 
viction as giving blood. This reluctance has 
stimulated the substitution of plastic blood vessel 
replacement for homologous arteries, and im- 
portant studies are being made to improve the 
usefulness of such readily available material. 

Indeed, there are recent long term investiga- 
tions which indicate superiority of certain plastic 
substitutes over the more widely accepted pre- 
served homologous artery. The thinning out of 
the homologous vessel wall and its calcification 
plus patchy loss of elastic framework are for- 
midable considerations. Deterling and Bhonslay 
(2) report a uniformly thick fibrous coat around 
dacron taffeta implanted in the dog’s aorta for 
12 months. 

Such encouraging results have led us to ex- 
periment with methods of improving and sim- 
plifying these plastic cloth substitutes. 

Our clinical cases have included vinyon and 
nylon. The latter is secured in sheets and machine 
sewed to predetermined widths, branching, and 
lengths. The bilateral stitching does not lend 
itself to easy manipulation, particularly when 
the cuffs have to be readjusted. The tailoring 
is done before surgery and often requires finer 
adjustments at operation. These are the grafts 
usually employed of necessity in the urgent and 
emergent cases in which operative time is limited. 
Although successful, the repeated annoyances 
with such a method prompted attempts to im- 
prove on the plastic substitutes. 

Heat sealing properties of these popular poly- 
mers have been well known and utilized in com- 
mercial enterprise. However, reference to heat 
sealing so far is quite rare in medical reports. 
Such a property has the immediate appeal of 
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simplicity and ready tailoring of a variety of 
tubular patterns at the operating table to meet 
the needs of the individual case. All that is 
required is a supply of sterile cloth, malleable 
mandrils, and a heat lamp. 

The only problem regarding this method was 
whether the plastic heat seal or fusion line would 
be strong enough to withstand the pulsating 
pressure of the arterial system. We endeavored 
to find the answer to two questions: First, what 
is the hydrostatic pressure needed to rupture 
the fusion line, and second, is this unaltered 
after a graft has functioned for 6 months? 


PLASTIC MATERIAL 


All experiments were conducted by using 
dacron taffeta. This material is the same as that 
studied by Deterling and Bhonslay (1) and 
reported as one of the most successful in their 
series. The taffeta weave cloth is moderately 
calendered with a thread count of 116 per inch 
in the warp and 100 per inch in the filler. It is 
woven from multifilament thread, approximately 
0.00275 inch in thickness. According to this 
report the size of interspace varies from 15 to 
50 microns; porosity is approaching zero for 
blood under pressure of gravity, and shrinkage 
is less than 2 per cent with autoclaving. 


HEAT SEALING TECHNIQUE 


Our method for converting sheets of dacron 
cloth into tubes is similar to that described by 
Nanson. The cloth is cut along the thread lines 
to the desired length and circumference, 4 to 8 
millimeters being allowed for melting in the 
latter dimension. A short cuff is then folded 
back at either end, and the two edges including 
the folded cuffs are held in line by any smooth 
metal forceps. The cloth extends beyond the 
limits of the cold steel of the clamp some 4 
millimeters. The flame of an alcohol lamp, 
match, or cigarette lighter when applied to this 


= 
| 
| 3 


red 


Pierpont and Blades: HEAT SEALED DACRON TAFFETA BLOOD VESSEL REPLACEMENT 371 


Fic. 1. Representative aortograms of functioning dacron grafts in the descending aorta of the 
dog; a, illustrates the filling defect in 1 animal described in text. 
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TABLE I.—HYDROSTATIC PRESSURE TEST OF HEAT SEALED DACRON TUBES AND DACRON GRAFTS 


Heat sealed dacron tubes 


not grafted. 
Pressure, 
mm. Hg. Point of rupture 
1760 Heat seal 
1800* (None) 
1370 Heat seal 
1800 Heat seal 
1780 Heat seal 
1800* (None) 
1800* (None) 
1800* (None) 
1800* (None) 
1800* (None) 
1475 Heat seal 
1620 Heat seal 


Average 1717 


*Indicates pressure exceeded limits of manometer. 


free edge of two layers of cloth causes the plas- 
tic to melt, run to the steel edge of the forceps, 
and fuse. The tube is immediately ready for 
use. 

In this experiment only straight tubes were 
used. However, by employing a mandril any 
variety of curved tubes with branches can be 
fashioned in the same plane as the two opposed 
sheets of cloth. 


HYDROSTATIC PRESSURE TEST 


In order to determine the strength of this 
heat seal or fusion point in the plastic material, 
the tubes were subjected to a progressive hydro- 
static force measured by a column of mercury 
1,800 millimeters in height. The rate of incre- 
ment of the force was uniformly 366 millimeters 
per second as supplied by a commercial air- 
compression pump. 

No attempt was made to determine the length 
of time the graft would withstand maximum 
pressure in the manometer, although several of 
the tubes remained intact for 30 minutes under 
1,800 millimeters of mercury pressure. 

Since the plastic cloth is porous to water 
under such pressures, a latex finger cot served 
as a liner to prevent leakage. The elasticity of 
such a weak balloon did not in any way detract 
from the pressure exerted against the cloth. 

The results of such pressure testing in a dozen 
individual tubes averaged 1,717 millimeters of 
mercury (Table I). This figure is low, as 6 of 
the 12 tubes failed to rupture at 1,800 milli- 
meters of mercury. The point of rupture in each 
of the remaining 6 tubes was at the heat seal 
or fusion point. In general, this represents a 
safety factor of 9 times that of the upper limits 


Heat sealed dacron tubes 


grafted. 

Pressure, Age of graft, 

mm. Hg. Point of rupture days 
1195 Heat seal 180 
1800* (None) 165 
1650 Normal vessel wall 159 
1800 Heat seal 119 
1240 (Undetermined) 118 
1670 Normal vessel wall 112 
1530 Normal vessel wall 94 
1800 Heat seal 73 


Average 1586 


of systolic blood pressure of the dog if the latter 
is taken as 200 millimeters of mercury. 
Such a safety factor seemed more than ade- 
quate so it was decided the time factor could 
best be tested by grafting the tubes in dogs. 


EXPERIMENTAL GRAFTS 


Twelve heat sealed dacron taffeta aortic grafts 
averaging 4 centimeters were placed in the 
thoracic aortas of as many dogs. The procedure 
was done through a left fifth rib resection under 
intravenous thiopental sodium anesthesia with 
respiration supported by intermittent positive 
pressure oxygen flow through a pneophore valve. 

The thoracic aorta was crossclamped under 
normothermic conditions for an average of 23 
minutes. The anastomoses were everted and 
No. 5-0 silk suture was employed in a contin- 
uous technique after 2 anchoring sutures were 
placed. 

Sweating of blood through the cloth varied 
from 50 to 100 cubic centimeters, and clotting 
was observed in an average of 2 to 3 minutes. 
Estimated blood loss was immediately replaced 
by intravenous transfusion. 

These plastic cloth vessel substitutes were pre- 
pared at the time of the operation and immersed 
in cetylcide solution for 30 minutes before being 
used. Aqueous penicillin, 400,000 units, was 
administered for 4 to 5 days. No evidence of 
infection was demonstrated. 

Three of the animals died 2, 5, and 16 days 
following operation from atelectasis, pneumo- 
nitis, or both. 

A fourth animal died 24 days after grafting. 
This particular graft was observed at the time of 
operation to have a 2 millimeter defect in the 
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Fic. 2. Photomicrographs of the tissue response to a heat sealed dacron taffeta tube grafted in a 


dog’s aorta 180 days. a, Suture line; b, body of graft; c, heat seal fusion point; and d, the heat 
seal point as it appears under microscopy (ungrafted). 


heat seal fusion line. No attempt was made to 
suture the tiny hole as finger pressure controlled 
hemorrhage upon release of the crossclamps. The 
animal developed transient hindquarter paralysis 
on the fourth postoperative day. At autopsy 
a localized, partially organized hematoma was 
found outside the dacron sheath and appeared 
to have partially occluded the lumen of the 
graft. 

The other 8 animals remained healthy and 
were sacrificed, as shown in Table I, 73 to 180 
days after grafting. One of these animals, the 
second in the group that developed transient 
hindquarter paralysis, demonstrated a small de- 
fect in the lumen of the graft on aortography 
(Fig. 1a), and the graft was found to be unusually 
thickened by surrounding tissue reaction. Histo- 


logic studies showed a thick fibrocytic layer 
with infiltration of polynuclear leucocytes and 
lymphocytes. The graft analysis was made 118 
days after the operation and could represent 
organization of a clot similar to that in the 
first animal with paralysis. 


GRAFT ANALYSIS 


Evaluation of the 8 validated grafts consisted 
of aortography, gross inspection, pressure testing 
against hydrostatic force, and histologic study. 

Aortography illustrated patent uniform lumina 
without stenosis or dilatation in all cases (Fig. 
1b, c, and d) except the 1 case already des- 
cribed. The lumen in this instance (Fig. 1a) 
demonstrated a narrow angular filling defect. 
Endothelial growth in this graft was defective. 
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Gross inspection of the tissue on removing 
the grafts confirmed a uniform tissue response 
with the exception of the animal mentioned. 

On subjecting the grafts to hydrostatic pres- 
sure, the same set of circumstances was main- 
tained as described for the dacron tubes. In this 
group the latex finger cot was omitted as the 
grafts were water-tight. An average for the 8 
grafts was 1,586 millimeters of mercury pressure 
before the graft ruptured. Here, again qualifica- 
tions are in order as 3 of the vessels ruptured at 
the normal vessel wall and not in the plastic 
segment. Another graft defied the 1,800 milli- 
meter maximum of the manometer. The point 
of rupture could not be determined in 1 instance. 
The remaining 3 vessels did rupture at the heat 
seal fusion line (Table I). 

Histologic sections taken across the heat seal 
line and along one anastomosis line consistently 
demonstrated uniform fibrous tissue reaction out- 
side the dacron cloth and good endothelial 
growth close to the dacron in the inside (Fig. 2). 
There was practically no tissue reaction to the 
plastic itself and fibrocytes freely entered the 
interstices of the taffeta weave. The tissue re- 
sponse at the anastomosis was equally uniform, 
and foreign body reaction seemed limited to the 
suture material (Fig. 2a). The heat seal fusion 
of plastic under the microscope appeared as a 
translucent ball with confluent thread filaments 
(Fig. 2d). 


DISCUSSION 


This series of experiments was devised to 
evaluate the strength of heat sealing plastic 
cloth. Only 1 polymer, dacron, was used because 


it already had been established as superior by 
other investigators. 

The simplicity of heat sealing eliminates the 
machine or hand sewing of tubes from plastic 
cloth. Moreover, it does lend itself to hand 
tailoring at the operating room table, thus al- 
lowing the surgeon to devise his own graft ac- 
cording to the necessities of each individual case. 
This seems an advantage over dependency on 
prefabricated stock. 

The heat sealed line is brittle but is more 
easily handled than the extraneous overlapping 
edges in machine sewed tubes. 


SUMMARY 


1. Experiments with heat sealed dacron taffeta 
tubes in blood vessel replacement are described. 

2. The heat sealed fusion lines are remarkably 
strong, demonstrating a safety factor of approxi- 
mately 9 times that of a systolic pressure of 200 
millimeters of mercury. 

3. Such tubes lend themselves as good blood 
vessel substitutes in the dog. 

4. Hydrostatic pressure tests do indicate the 
weakest point of the tube is at the heat seal 
fusion. 

5. The application of heat sealing plastic 
cloth is discussed. 
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THE SURGEON’S LIBRARY 


Reviews of New Books 


THE ELEVENTH EDITION of Williams Obstetrics! has been 
published under the authorship of Nicholson J. East- 
man, as was the preceeding edition. The book has been 
practically rewritten, and incorporated in the text 
are the many new advances in obstetrics which have 
been made since the previous edition was published. 

A new chapter on psychiatric aspects of pregnancy 
and childbirth is written by Leo Kanner, Associate 
Professor of Psychiatry at Johns Hopkins University. 
This chapter is concerned with the attitudes of mothers 
toward pregnancy, labor, and the newborn. Psychotic 
complications during pregnancy and puerperal psy- 
choses are discussed, as is the pregnancy of the psy- 
chotic woman. The chapter on psychologic manage- 
ment of pregnancy contains excellent advice. This 
section is a welcome addition to the textbook. 

The chapter dealing with diseases and malforma- 
tions of the newborn has a comprehensive and de- 
tailed exploration of hemolytic disease of the fetus 
and newborn, together with the management and 
treatment of this complication. Physicians must be 
equipped to deal with the disease in the infant as well 
as with questions which necessarily arise concerning 
outcome of future pregnancies of such a mother. The 
clinical management of the Rh negative pregnant 
woman is discussed in detail. 

The final section of the text is concerned with op- 
erative obstetrics, with excellent photographs, draw- 
ings, and descriptions of the procedures. 

This book is a classic in the field of obstetrics, and 
the basic and fundamental importance of the infor- 
mation so completely compiled in this text cannot be 
overemphasized. It makes this book an essential ref- 
erence for all who practice obstetrics as well as an 
excellent text for students. | — Theodore 7. Morris. 


IN THE PRACTICE OF GENERAL SURGERY, diseases of the 
veins of the lower extremities are a matter of common 
experience. This may be the result of active primary 
therapeutic interest, or perhaps the surgeon may be 
confronted with one of the unexpected postoperative 
venous problems secondary to enforced bed rest or 
immobilization. In either event, the monograph en- 
titled The Pathology and Surgery of the Veins of the Lower 


'Witttams Osstetrics. By Nicholson J. Eastman, M.D., Ph.D. 
11th ed. 1212 pages, numerous illustrations. New York: Apple- 
ton-Century-Crofts, Inc., 1956. 
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Lim#? is a text of great interest to all surgeons, be- 
cause this most worthwhile effort has been written 
with the practical aspects of the subject in mind. 

Any review of medical literature of the last 30 years 
will indicate how intensively diseases of the venous 
system have been investigated and surgically ex- 
ploited. Arterial disease and sympathectomies were 
parallel interests. All of this was background for the 
current surgical attack upon anomalies and diseases 
of the heart. During this era of attention to vascular 
problems venous disorders have been approached by 
the anatomist, biochemist, physiologist, bacteriolo- 
gist, pathologist, and surgeon. The great number of 
articles in the medical literature attests to the wide- 
spread interest in these problems. To say the least, 
this monograph is timely, because this is a logical 
time to compile, digest, edit, and amplify by practical 
experience the recent advances in the studies of vari- 
cosis and thromboembolic disease. In any long term 
project there always comes a time for interim sum- 
mary of accomplishments, and in the mind of this re- 
viewer, this text fits the current need. If it accom- 
plishes nothing more than to demonstrate to the med- 
ical world the tremendous importance of the ankle 
perforator veins in the production of “stasis ulcers” 
and the illogic of routine femoral or popliteal vein 
ligation for control of the “‘postthrombotic syndrome,” 
the authors have made a most worthwhile contribu- 
tion. 

After a suitable introduction and historical survey, 
the anatomy and physiology of the lower extremity 
veins are reviewed. In the section on pathology and sur- 
gery of the superficial veins, the treatment of varicose 
veins is well done, with appropriate emphasis upon 
the often overlooked lesser saphenous venous reflux. 
The value and shortcomings of stripping are well 
delineated in conjunction with saphenofemoral and 
saphenopopliteal ligations. The authors show a very 
acceptable practical attitude with respect to the treat- 
ment of superficial thrombophlebitis. 

The last major subdivision of the text deals with the 
pathology and surgery of the deep and communicat- 
ing veins, i.e., the problems of thrombosis and em- 


2Tue PATHOLOGY AND SURGERY OF THE VEINS OF THE LOWER 
Ls. By Harold Dodd, Ch.M. (L’pool), F.R.C.S. (Eng.), and 
Frank B. Cockett, M.S. (Lond.), F.R.C.S. (Eng.). 462 pages, 
= — $12.50. Baltimore: The Williams & Wilkins 
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bolism, gaiter area ulceration, and the postthrombotic 
syndrome. Suitable emphasis is given to the impor- 
tance of the perforating or incompetent communicat- 
ing veins in the medial ankle area. It is strange that 
no mention is made of Sherman’s monumental reports 
in 1944 and 1949, although the junior author points 
out his own very recent work. In addition, while 
throughout the text there are many cogent references 
to the lesser saphenous vein, two prior and pertinent 
American papers published in the forties are not men- 
tioned as sources. The authors’ own clinical material 
agrees with the data set forth in the earlier American 
publications: of all patients who require surgery for 
the correction of varicose veins, 10 per cent will pre- 
sent significant reflux in the lesser saphenous system. 

The discussions on thrombosis and embolism are 
most practical. The authors point out the logical ad- 
vantages of heparin over the dicoumarol-like drugs 
in early cases. This form of therapy, when combined 
with their program of leg elevation plus compressive 
wrapping, appears to be far more acceptable than 
vena cava ligation. The following chapter on phlebog- 
raphy and measurement of venous pressures is well 
done and quite properly placed within the text. The 
authors orient the reader appropriately with respect 
to the practical use of these techniques. 

The chapter covering the pathologic physiology of 
venous ulcers and the postthrombotic syndrome should 
be read by all medical students and practitioners who 
may encounter this problem. By this means there may 
arise a much better understanding of the misconcep- 
tion that the femoropopliteal axis contains the essen- 
tial cause of ankle level venous hypertension. The 
logical substitute for this concept is that of the in- 
competent medial and lateral lower leg communica- 
tors, very well described by the authors. ‘The conserva- 
tive approach to the treatment of venous ulcers and 
the postthrombotic disorders, as subscribed to by the 
authors, undoubtedly has both economic and practi- 
cal justification, particularly among clinic patients 
for whom prolonged bed rest may be economically 
impracticable. Significantly, the operative treatment 
of incompetent perforators is reserved for last place 
in the text. It requires considerable preliminary pa- 
tient care and study, but the end results fully justify 
the efforts expended. Their minimal use of skin graft- 
ing is worthy of mention. 

If one were to try to find fault with the text one 
could begin and end with the third paragraph of the 
preface. Here the authors apologize for using the word 
venography, stating that they believe it should be used 
in preference to phlebography because of common 
usage, and that therefore it is preferable. When one 
considers the volume of basic information that this 
radiographic technique has given to the field of venous 
physiology, I believe that the authors have sold the 
purist short. Bastardy, even that arising from an effort 
to combine word roots of different origins, is difficult 
to accept. In view of the British reliance upon the 
classical background in education, it is surprising to 
find a combination of Greek and Latin roots given 
preference in a British publication. Having partici- 
pated in the use of venous radiographic techniques 
for 15 years as a part of his general surgical ex- 
perience, this reviewer holds for the pure term “‘phleb- 


ogram.” Despite their apology in the preface, the 
authors are still on the fence. During the first half of 
the text they used the word “‘phlebogram” and during 
the last half, “venogram.” Since this work may very 
well become a classic of the future, we should like to 
suggest that in the next edition the controversy be 
resolved in favor of the purists. Despite this fact, the 
text can be wholeheartedly recommended to all stu- 
dents and general surgeons interested in problems of 
the lower extremities. Diagrams and illustrative ma- 
terial are very clear and useful. The text is easy to 
read, and its continuity is excellent. 
— Walter W. Carroll. 


THE AUTHOR OF THE MONOGRAPH entitled Bases 
phystologiques de la chirurgie neurovasculaire; enervations 
sympathiques assistance mutuelle des territoires vasculaires® 
points out the areas of obscurity in current concepts 
of the physiology of the autonomic nervous system 
and postulates an explanation for some of the para- 
doxes which are so well known to experimentalists 
and clinicians alike. He has reviewed extensively, yet 
succinctly, the literature of the last two decades deal- 
ing with the physiology of the autonomics, particularly 
that from the United States. In addition to his studies 
upon human subjects, the author has reported his 
work upon cats, using as a criterion for denervation 
the degree and extent of paralysis of the sweat glands. 
He concludes that so far as he is concerned only 
studies upon the human subject are worth while; 
those on the animal are subject to too many variables 
and too many difficulties of interpretation. 

The failures of sympathectomy are considered in 
the light of postoperative hormonal sensitization, re- 
organization of the sympathetic fibers, partial re- 
maining innervation, and the old bugbear of re- 
generation. In testing for his results the author is 
impressed by the fallacies of the use of pilocarpine in 
sweating tests. He has devised a powder composed of 
5 per cent thymol bromate, 15 per cent sodium car- 
bonate, and 80 per cent starch which in the presence 
of moisture (perspiration) turns a definite blue. Sweat- 
ing is produced by giving the patient a hot drink and 
placing him in a chamber heated to 32 degrees C. 

The chapters on the cortical, midbrain, bulbar, 
and spinal centers of autonomic control are excellent 
brief reviews of recent physiologic inquiry from a wide 
variety of sources, and the bibliography is an extensive 
one. The author’s experience with the contradictions 
of autonomic physiology lies especially in differentiat- 
ing between preganglionic and postganglionic in- 
nervation. In order better to understand the complex 
physiologic situations which exist in tissues either in 
the unaltered state or after sympathectomy, he has 
divided the peripheral autonomics into two cate- 
gories: regular (that is, indirect and passing through 
the ganglionated chain), and irregular (that is, direct 
and not passing through the ganglionated chain). 
The clinical proof of existence of the pathways of 
atypical centrifugal fibers was at hand before their 


3BASES PHYSIOLOGIQUES DE LA CHIRURGIE NEUROVASCULAIRE; 
ENERVATIONS SYMPATHIQUES ASSISTANCE MUTUELLE DES TER- 
RITOIRES VASCULAIRES. By Charles Mentha, M.D. Preface by 
Professor Rene Leriche. 150 pages, 32 illustrations. 1.000 fr. 
Paris: Masson & Cie, 1956. 
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anatomic discovery. The site of synapse between the 
preganglionic and postganglionic neurones is subject 
to great variation in man; consequently, the surgeon 
cannot make sure that his operation is complete or 
even predominately either a preganglionectomy or 
postganglionectomy effect, whereas he might have 
sought to produce completely either one or the other. 
In any event, an ideal vasodilatation can never be 
obtained because of the “‘natural law of mutual as- 
sistance” which exists in all vascularized structures. 
—Fohn Martin. 


In THE BOOK entitled Chemosurgery in Cancer, Gangrene, 
and Infections’, Frederic E. Mohs notes that zinc chlo- 
ride pastes were used in the treatment of accessible 
cancers almost 200 years ago by European workers 
including Canquoin of France and Bougard of Bel- 
gium. “Then during the next century and a half, the 
know-how of chemical cauterization was transmitted 
through a relatively few physicians and through a 
host of irregular practitioners.” 

In 1932 as a sophomore medical student, Mohs was 
engaged in certain experiments on rats which involved 
the injection of strong solutions of zinc chloride into 
transplantable cancers and into normal tissues, with 
subsequent excision and microscopic sections of the 
areas. He noted the excellent preservation of the 
microscopic features of these tissues, which initiated 
a train of thought leading to his present methods. 

The exact technique varies with the type of lesion 
and the location, but, in general, is somewhat as fol- 
lows: (1) “If an appreciable mass of cancer obviously 
is present, . . . the grossly visible or palpable portion 
may be removed under local anesthesia by the cold 
knife, the curet, the electrosurgical unit, or a com- 
bination of these modalities.” Sufficient general anal- 
gesia and sedation may be used. (2) Hemostasis is 
obtained by applying dichloracetic acid or zinc chlo- 
ride paste, electrocoagulation, or with ligatures for 
larger vessels. (3) Zinc chloride paste is applied and 
covered by an occlusive dressing for varying periods, 
—often for 24 hours. Some sedation or analgesia may 
be necessary during this period. (4) The first layer of 
fixed tissue is excised with a scalpel and studied with 
frozen and paraffin sections microscopically, carefully 
mapping the lesion and the specimen. (5) If cancer is 
found in certain parts, zinc chloride paste is reapplied 
to these areas and covered with an occlusive dressing. 
After a suitable interval, fixed tissue is again excised 
and studied. This is repeated as many times as neces- 
sary. (6) When a cancer-free level is reached, there 
remains a layer of fixed tissue which separates spon- 
taneously in a week or two, or may be surgically re- 
moved in 4 to 10 days. Fixed cartilage, bone, tendons, 
ligaments, and radiated tissue usually require excision 
and are slower to begin healing. (7) After separation, 
there is a granulating wound which heals in the usual 
period of time by secondary intention. (8) Plastic 
surgical repair of some defects may be necessary (the 
reviewer believes that many of the results could be 


‘CHEMOSURGERY IN CANCER, GANGRENE, AND INFECTIONS; 
Featurinc A New METHOD FOR THE MIcROSCOPICALLY Con- 
TROLLED Excision oF CANCER. By Frederic E. Mohs, B.Sc., 
M.D. 305 pages, 224 illustrations. $13.50. Springfield, Ill.: 
Charles C Thomas, 1956. 


improved by a more vigorous and widespread use of 
this procedure). 

A large number of results are shown which illustrate 
cures for 5 years or longer. These are mostly basal cell 
carcinomas of the skin, though there are a number of 
squamous cell lesions, including lip cancers. Some of 
these cured lesions are quite extensive. Regional node 
dissections are advocated for most lymph node 
metastases. 

The chief advantages noted are: (1) reliability; 
(2) conservatism, and (3) low operative mortality. 
Some of the obvious disadvantages are touched upon 
rather lightly. 

It is the author’s view that better microscopic in- 
terpretations can be obtained from frozen sections of 
tissues fixed in vivo with zinc chloride paste, than from 
frozen sections of tissues removed in the usual manner 
from the margins and depths of surgical excision 
beds and fixed in ordinary ways. Little mention is 
made of the known difficulties of microscopic control 
of excisions, due to the practical impossibility of ob- 
taining complete serial sections in both planes from 
any one block of tissue, regardless of how it is fixed. 

The author also describes the technique of chemo- 
surgical treatment of cancer of the mouth, nasal 
sinuses, larynx, salivary glands, breast recurrences, 
external genitalia, urethra, cervix, bladder, lower 
rectum, and malignant melanomas, sarcomas, and 
endotheliomas. Surprisingly enough, the method is 
also extended to the treatment of various “benign” 
conditions including “‘cylindroma,” mixed tumors of 
the salivary glands, nevi, fibromas, keloids, osteomas, 
chondromas, angiomas, sebaceous cysts, chronic ul- 
cers, hidradenitis, osteomyelitis, fungous infections, 
and amputation of gangrenous parts. Perhaps the 
most controversial section is that advocating the use 
of these escharotics in the treatment of radiation der- 
matitis of physicians’ hands. 

Although these escharotics have been used sporadi- 
cally by irregular practitioners for a long time, Mohs 
is probably the first well known scientist to systemati- 
cally and conscientiously evaluate and record their 
use after controlled and prolonged clinical trial. For 
this, the medical profession should be grateful. One is 
impressed by the careful, meticulous thought and 
effort that Mohs has given this project, and by his 
sincerity. The techniques and results are here for the 
reader to study, evaluate, and decide what part they 
may play in his own practice. —Frank McDowell. 


tv of Clinical Roentgenology® completes the 
series with 1,112 illustrations in 674 pages with its 
own index. The text provides the necessary ground- 
work for interpreting the gynecologic, obstetric, male 
genital tract, excretory, and alimentary tract prob- 
lems, by first offering a section on the scout film of the 
abdomen and by including short descriptions of em- 
bryologic development and common developmental 
malformations. 


SCLINICAL ROENTGENOLOGY; THE Dicestive TRACT, THE GALL 
LIveR AND PANCREAS, THE ExcRETORY TRACT AND 
SpectaL Stupies Empnasizinc DirFeRENTIAL CONSIDERATIONS. 
By Alfred A. de Lorimier, M.D., Henry G. Moehring, M.D., and 
= R. Hannan, M.D. Vol. IV, 676 pages, illustrated. $24.50. 

pringfield, Ill.: Charles C Thomas, 1956. 
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Following the pattern of previous volumes, each 
topic is prefaced by a brief section on generalities, 
then subheaded into easily located sections, and fol- 
lowed by an adequate bibliography. In several sec- 
tions, more than just one example of a specific entity 
is illustrated and described in keeping with more com- 
plete coverage of the subject matter without padding. 
This fact is illustrated in the section on the alimentary 
tract where often several stages of the same disease 
are discussed. The section on the genitourinary tract 
emphasizes correlation of excretion urography, retro- 
grade pyelography, and cystography and includes 
renal evaluation by aortography and urethrography. 
Other features worth noting include: an abundance 
of excellent illustrations in the same tone as the origi- 
nal roentgenograms, double column format, and a 
consideration of technical requirements necessary for 
avoiding pitfalls and allowing maximum exploitation 
of x-ray diagnostic methods. 

This well organized volume presents the roentgen 
approach to the study of the abdomen and its con- 
tents and will no doubt be recognized and welcomed 
by practicing physicians, as well as radiologists and 
graduate students for what it is—a workable text, 
clearly divided into introduction, clinical and x-ray 
considerations, laboratory correlation, and differen- 
tial diagnosis, offering pertinent points without hours 
of reading. —William E. Bundesen. 


THE FOURTH EDITION of An Atlas of Anatomy® by J. C. 
Boileau Grant, is a complete atlas, depicting by re- 
gions the anatomy of the upper limb, abdomen, peri- 
neum, pelvis, lower limb, vertebrae, vertebral col- 
umn, thorax, head and neck, cranial nerves, and the 
dermatomes. 

It is an excellent book, and can be highly recom- 
mended for use by the student who is studying anat- 
omy for the first time, or by the surgeon who requires 
an accurate reference book. 

The book is, as the title indicates, primarily an at- 
las, and the illustrations are remarkable for their 
clarity. This fact is due not only to their accuracy and 
high quality, but to the care which the author has 
taken to present unusual views of important struc- 
tures. All of the conventional anatomic illustrations 
are included, and in addition, there are a number 
of illustrations made from unaccustomed angles which 
add much to the understanding of the relationships of 
the various structures. 

The ingenious and frequent use of color adds 
greatly to the clarity of the plates especially those de- 
picting the origins and insertions of the muscles, the 
divisions of the major arteries of the extremities, and 
the patterns of sensory nerve distribution. 

Although the work is primarily an atlas and the 
illustrations speak for themselves each plate is ac- 
companied by a brief discussion of the anatomic struc- 
tures it was selected to demonstrate. These descrip- 
tions are brief and to the point. Often they draw the 
reader’s attention to anatomic facts of considerable 
surgical importance, as in the plate showing the “‘re- 


*An Attias or ANATomy. By J. C. Boileau Grant, M.C., M.B., 
Ch.B., F.R.C.S.(Edin.), 4th ed., 634 pages, 8 illustrations. 
$15.00. Baltimore: The Williams & Wilkins Co., 1956. 


current” branch of the median nerve to the thenar 
muscles. 

There are interesting sections throughout the book 
illustrating and describing important anomalies. The 
incidence of these anomalies is given together with 
references to the supporting evidence for the state- 
ments. 

The reviewer was also interested in the schematic 
drawings showing the distribution of the major nerves, 
These charts are unusual. In 1 simple illustration, 
the spinal cord segments are shown from which the 
nerve arises, the level of the extremity at which its 
major branches originate, and the muscles which they 
supply. The colored charts of the dermatomes are 
also most helpful. All in all, it is a fine book, and one 
which will serve the reader well, be he medical stu- 
dent or surgeon. —J. W. Hirshfeld. 


THE voLumE edited by Charles Rob’ and Rodney 
Smith and their 7 consultant and associate editors 
is a superbly organized and beautifully illustrated 
book of operative surgery and ancillary subjects by 23 
masters of their subject. It is a British text, and one 
might ask whether it is suitable for American sur- 
geons. The answer is an unqualified yes, since with few 
exceptions the material presented concerns largely 
those fundamental procedures accepted with minor 
variations the world over. There are, of course. a few 
differences from American practice, but editors them- 
selves find some procedures illustrated which they do 
not perform or advocate, but have rightly allowed 
their expert contributor to present an operation as he 
performs it. 

The introduction makes it plain that highly spe- 
cialized technique is avoided, that the volume is pri- 
marily for the education of the graduate surgical 
student, and serves equally well as a guide for the 
experienced surgeon called upon to do a wide variety 
of operations. Each procedure is described in stage by 
stage pictures, the text only serving for purposes of 
clarification and to indicate difficulties or hazards. 
For each general subject or operative field a contrib- 
utor of particular experience has been selected. A 
short bibliography is appended at the end of each 
chapter. 

Part I, the “Introductory,” is an unusual section 
in a volume on operative surgery in that its chapters 
not only discuss but illustrate important aspects of 
basic surgical lore as ligature and suture material, 
the use of local anesthesia, the proper positioning of 
patients on operating tables to facilitate surgical ap- 
proach and yet avoid respiratory embarrassments, 
nerve injuries from pressure or overstretching, and 
back pain from the unsupported back or unusual 
manipulations, such as when placing the legs in the 
lithotomy position. Other chapters cover hemostasis, 
infusions and transfusions, diathermy, needle biopsy, 
use of retractors, methods of dissection, drainage, 
preparation of the skin, technique of suture, radium 
needle insertion, and the causes and treatment of the 
burst abdomen. Page after page is filled with concise 


TOPERATIVE SURGERY; INTRODUCTORY, SURGERY OF TRAUMA, 
ABDOMEN. By Charles Rob, M.C., M.Chir., F.R.C.S., and Rod- 
ney Smith, M.S., F.R.C.S. Vol. I. 340 pages, illustrated. London: 
Butterworth & Co. (Publishers) Ltd., 1956. 
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THE SURGEON’S LIBRARY ° 


illustrations and the short text admirably supplements 
the pictures. 

Part II, ““The Surgery of Trauma,” is an excellent 
series of illustrated monographs in the fundamental 
care of injuries. The first chapter describes the exci- 
sion of soft tissue wounds with the aim of preventing a 
contaminated wound from becoming an infected one. 
Then follows the subjects of primary, delayed pri- 
mary, and secondary suture of wounds; primary su- 
ture of the severed vessel, nerve, and tendon, and the 
local care of burns. In the latter, both the open and 


_ closed method of treatment is discussed, with empha- 


sis that dryness primarily is needed to deprive organ- 
isms of the warm, moist environment which they re- 
quire for proliferation. 

The succeding chapters on the management of 
open fractures, open injuries to joints, use of skeletal 
traction in fractures, abdominal injuries, injuries to 
the kidney, ureter, bladder, urethra, chest, pericar- 
dium, heart, esophagus, and the face and jaws, all are 
a delight beause of their clarity in showing what to do, 
what to avoid, and their brief presentation of the in- 
dications, special contraindications, preoperative 
preparation, anesthesia, position of the patient on the 
operating table, and special postoperative care and 
complications. 

Part III, ‘“The Abdomen,” covers a considerable 
portion of this field and the remainder will appear in 
a second volume at a later date. The contributors are 
again experts chosen for their special knowledge. The 
first chapters cover the surgery of access to the ab- 
domen incisions), and exploration of the abdomen, 
both acute and nonacute. Sir William Heneage 
Ogilvie presents well the general fundamental prin- 
ciples and method of routine anastomosis of hollow 
viscera. After this material there follows other superb 
chapters on gastroscopy, gastrostomy, simple closure 
of perforated peptic ulcer, simple closure of gastric 
ulcer, gastroduodenostemy, pyloroplasty, and pyloro- 
myotomy, duodenojejunostomy, gastrojejunostomy 
and antral exclusion, partial gastrectomy, gastro- 
jejunal ulcer and gastrojejunocolic fistula, gastrec- 
tomy for cancer, and vagotomy. There is a tremen- 
dous amount of first-class technique illustrated in 
these chapters, so much so that it is difficult to pick 
out particular items for special comment. Norman C. 
Tanner has done an excellent job with “the difficult 
ulcer,” describing and illustrating his method of 
handling the posterior penetrating duodenal ulcer, 
the high posterior penetrating gastric ulcer, and the 
very high subcardiac ulcer. 

The second volume of this work will cover the fields 
of hernia, appendix, mesentery, and peritoneum, 
spleen and operations for portal hypertension, pan- 
creas, biliary system and liver, and small intestine 
and large bowel, and the master contributors are as 
renowned as those of this first volume. Thus, this set 
offers a reference of wide application. It can be most 
highly recommended for the library of both the begin- 
ning and the experienced surgeon. No one in this 
field is ever through learning and the best reference is 
the well chosen one immediately at hand. For general 
review or for a special procedure, this work will be a 
very valuable addition to the general surgeon’s library. 

— Walter G. Maddock. 
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THE VOLUME entitled Histologischer Atlas gynaeko- 
logischer Erkrankungen® by Prof. Herbert Lax of the 
University of Berlin, is beautifully illustrated by draw- 
ings, mostly in color, of the commoner lesions en- 
countered in the female genital organs. Especially 
helpful are the low-power illustrations of large sec- 
tions of tissue. No photomicrographs or pictures of 
gross lesions are included. The text gives adequate 
descriptions of the pathologic changes and also shows 
their relation to the clinical manifestations of the 
disease. 

There is a strange disproportion in the amount of 
space devoted to various topics. For example, nearly 
70 pages are devoted to nonneoplastic conditions of 
the body of the uterus and only 9 pages to its tumors, 
both benign and malignant. No consideration is given 
to cytologic diagnosis. Perhaps such disproportions 
reflect the author’s interests or the material available 
to him. 

I found the book interesting and on the whole a 
good presentation of the subject. It will be a useful 
addition to my library. — William B. Wartman. 


THE BOOK Clinical Examinations in Neurology® is an ex- 
pression of gratitude of students for their teachers, 
in this case, of the present staff of the Sections of 
Neurology and Physiology at the Mayo Clinic for 
two “pioneers and inspiring teachers,” Henry Wolt- 
man and Frederick Moersch, to whom the book is 
dedicated. In the words of the authors, it is “‘a work 
that was never a formal part of our training—factual 
outline of the practical components of the neurologic 
examination. . . . We intend this book as a series of 
working blueprints and not as a course of lectures 
delivered from a remote podium.” Many parts of the 
book are written as a guide for the Fellows of the 
Mayo Clinic and Foundation in their performance of 
history taking and neurologic examination, but the 
authors may be assured that these working blueprints 
will find ready acceptance and use by students and 
practicing physicians far beyond the confines of the 
Mayo Clinic. Included with the book are several ex- 
amples of his:‘ory and examination forms in use at the 
Clinic. 

The style of the book is easy and discoursive, yet 
with the sound, pointed, and practical instruction 
which comes of much experience. The technique of 
history taking is explored in detail, with many hints 
applicable to all medical history taking. The authors 
have detailed all the usual steps in the complete neu- 
rologic examination, including some of their own de- 
vices. They have skillfully blended basic neurologic 
anatomy and physiology into the steps of the ex- 
amination, investing the examination with interest 
and meaning. In order to keep the book a practical 
size, they have not included the various details and 
findings of laboratory procedures, though the dis- 


SHISTOLOGISCHER ATLAS GYNAEKOLOGISCHER ERKRANKUNGEN. 
By Dr. Med. Herbert Lax. 199 pages, 199 illustrations. Dm92. 
Leipzig: Veb Georg Thieme, 1956. 

*CLINICAL EXAMINATIONS IN NeuroLocy. By Members of the 
Sections of Neurology and Section of Physiology, Mayo Clinic and 
Mayo Foundation for Medical Education and Research, Grad- 
uate School, University of Minnesota, Rochester, Minnesota. 
ps pages, 76 illustrations. Philadelphia: W. B. Saunders Co.: 
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cussion of the uses of electroencephalography, electro- 
myography and muscle-nerve stimulation, and bio- 
chemical and pharmacologic aids are fairly inclusive 
and written to be understood by one not trained in 
electroneurophysiology or biochemistry. The last 
chapter on cisternal and lumbar puncture might well 
be used as required reading for all interns and resi- 
dents. Treatment is not discussed, and neurologic 
pathology is reviewed only to elucidate the procedures 
of history taking and examination. Even so, it is a 
working review of most of the clinical pathology seen 
in neurologic practice. 


BOOKS RECEIVED 


Books received are acknowledged in this department, 
and such acknowledgment must be regarded as a suf- 
ficient return for the courtesy of thesender. Selections 
will be made for review in the interests of our readers 
and as space permits. 


WiiuiaM Harvey; His Lire anp Times: His Discoveries: 
His Metuops. By Louis Chauvois. Foreword by Sir 
Zachary Cope. 271 pages, illustrated. $7.50. New 
York: Philosophical Library, 1957. 

LEHRBUCH DER CHIRURGIE. By Prof. Dr. H. Hellner, 
Prof. Dr. R. Nissen, and Prof. Dr. K. Vossschulte. 1060 
pages, 596 illustrations. DM 84.—. Stuttgart: Georg 
Thieme Verlag, 1957. 

Fiuiw AND ELECTROLYTES IN Practice. By Harry Stat- 
land, M.D. 2nd ed. 229 pages, illustrated. $6.00. Phil- 
adelphia and Montreal: J. B. Lippincott Co., 1957. 

Tue EaArty D1aGNosis AND TREATMENT OF ACOUSTIC 
NervE Tumors. By J. Lawrence Pool, M.D., and 
Arthur A. Pava, M.D. Illustrations by Arthur A. 
Pava, M.D. 161 pages, 33 illustrations. $5.50. Spring- 
field: Charles C Thomas, 1957. 

Urovoaicat Surcery. By Austin Ingram Dodson, M.D., 
F.A.C.S. 3rd ed. 868 pages, 664 illustrations. $20.00. 
St. Louis: The C. V. Mosby Co., 1957. 

Cryptorcuism. By Charles W. Charny, M.D., and 
William Wolgin, M.D. 140 pages, 28 illustrations. 
$5.85. New York: Paul B. Hoeber, Inc., 1957. 

X-Ray Trecunotocy. By Charles A. Jacobi, B.Sc., 
(A.R.X.T.), M.T. (A.S.C.P.), M.T. (A.M.T.), and 
Donald E. Hagen, R.T. (A.R.X.T.). Foreword by 
James M. Hilton, M.D. 410 pages, 320 illustrations. 
$9.75. St. Louis: The C. V. Mosby Co., 1957. 

Cuinicat Procrotocy. By J. Peerman Nesselrod, B.S., 
M.S., M.Sc., (Med.), M.D., F.A.C.S., F.A.C.P. 2nd 
ed. 296 pages, 70 illustrations. Philadelphia and Lon- 
don: W. B. Saunders Co., 1957. 

A MANUAL OF PHARMACOLOGY; AND ITs APPLICATIONS 
To THERAPEUTICS AND ToxicoLocy. By Torald Soll- 
mann, M.D. 8th ed. 1535 pages, not illustrated. Phila- 
delphia and London: W. B. Saunders Co., 1957. 

Tue SPECIALITIES IN GENERAL Practice. Edited by Rus- 
sell L. Cecil, M.D., and Howard F. Conn, M.D. 2nd 
ed. 780 pages, 76 illustrations. Philadelphia and Lon- 
don: W. B. Saunders Co., 1957. 

Goeppr’s MepicaL STATE BOARD QUESTIONS AND AN- 
swers. By Harrison F. Flippin, M.D. 9th ed. 569 


The figures, for the most part diagrammatic in 
nature, could have been chosen to better effect in the 
chapters on examination, and some illustrations as 
Figure 56, diagramming the autonomic nervous sys- 
tem, might well have been deleted. Those figures used 
in the sections concerning neuro-ophthalmic and ex- 
tremity musculature examination are time-honored 
and instructive. The index is extensive, and the book 
is well printed and bound. The fly pages and envelope 
of Mayo history and examination forms will be pro- 
vocative of much interest and discussion. 

—John Martin, 


pages, not illustrated. Philadelphia and London: W. 
B. Saunders Co., 1957. 

Surcery 1n Wortp War II. OrtHopepic SurcErRy IN 
THE MEDITERRANEAN THEATER OF OPERATIONS. 
Edited by John Boyd Coates, Jr., MC, Mather Cleve- 
land, M.D., and Elizabeth M. McFetridge, M.A. 368 
pages, illustrated. Washington, D. C.: Office of the 
Surgeon General, 1957. 

Die PosToPpERATIVEN FRUEHKOMPLIKATIONEN; IHRE BeE- 
HANDLUNG UND VERHUETUNG. By Doz. Dr. Kurt 
Wiemers and Dr. Ernst Kern. Foreword by Prof. Dr. 
H. Krauss. 264 pages, 52 illustrations. DM, 38.—. 
Stuttgart: Georg Thieme Verlag, 1957. 

Diz THERAPIE DES ANGEBORENEN KtiumprFures. By Hans 
Debrunner. 182 pages, 91 illustrations. DM 37.—. 
Stuttgart: Ferdinand Enke Verlag, 1957. 

Opesity: Its Cause, CLASSIFICATION, AND Care. By E. 
Philip Gelvin, M.D., F.A.C.P., and Thomas H. Mc- 
Gavack, M.D., F.A.C.P. 146 pages, not illustrated. 
$3.50. New York: Paul B. Hoeber, Inc., 1957. 

TRopHosiastic Growtus. By J. Smalbraak, M.D. In- 
troduction by the late Emil Novak, M.D., D.Sc. 342 
pages, 66 illustrations. $12.75. Princeton: D. Van 
Nostrand Co., Inc., 1957. 

TUBERCULOSE DER VROUWELIJKE GESLACHTSORGANEN. 
By Iwan Désiré Johanns. 208 pages, 14 illustrations. 
Groningen: Van Gorcum & Co., 1957. 

RECENT ADVANCES IN ANAESTHESIA AND ANALGESIA; IN- 
CLUDING OxyGEN THERAPY. By C. Langton Hewer, 
M.B., B.S. (Lond.), M.R.C.P. (Lond.), F.F.A.R.C.S. 
(Eng.), and y Alfred Lee, M.R.C.S., L.R.C.P., 
M.M.S.A., F.F.A.R.C.S. (Eng.). 8th ed. 295 pages, 
95 illus. $8.50. Boston: Little, Brown & Co., 1957. 

J-A.M.A. CrinicaL Asstracts oF DIAGNosIs AND 
TREATMENT. Selected by I. Phillips Frohman, M.D. 
Published with the approval of the Board of Trustees, 
American Medical Ass. 564 pages, not illustrated. 
$5.50. New York, London: Intercontinental Medical 
Book Corp., with Grune & Stratton, Inc., 1957. 

COLLECTED PAPERS OF THE Mayo CLINIC AND THE Mayo 
Founpation. Edited by Richard M. Hewitt, M.D., et 
al. Volume 48, 1956. 778 pages, illustrated. $12.50. 
Philadelphia and London, W. B. Saunders Co., 1957. 

BRONCHOPULMONARY DisgEasEs; Basic Aspects, DIAGNOSIS 
AND TREATMENT. By 142 authors. Edited by Emil A. 
Naclerio, M.D. 956 pages, 719 illustrations. $24.00. 
New York, N.Y.: Paul B, Hoeber, Inc., 1957. 
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PRELIMINARY PLANS FOR THE 43rd CLINICAL CONGRESS 
CONVENTION HALL, ATLANTIC CITY, NEW JERSEY 


OCTOBER 14 TO 18, 1957 


BoTH THE JULY AND AUGUST ISSUES of this Journal 
have carried preliminary news about the Clinical 
Congress program. In last month’s issue the 
general and specialty sessions were outlined. In 
this issue preliminary details of the color television 
program, Ciné Clinic program, and 6 of the 8 
Postgraduate Courses will be listed, along with 
general registration information for Clinical Con- 
gress week. The complete program will be car- 
ried in the October issue. 


Color Television 


Procedures will originate at the Johns Hopkins 
Hospital, Baltimore. The advance schedule fol- 
lows: 


Monpay, 9-10:15 a.m.—Techniques of Anesthesia. 
Donap W. Benson, Baltimore. Moderator: WILLIS 
J. Ports, Chicago. Panelists: DoucLas W. Eastwoop, 
Charlottesville, ARTHUR Keats, Houston. 10:30 
a.m.-12 noon.—Closure of Auricular Septal De- 
fect. FRANK C. SPENCER, Baltimore. Moderator: 
Henry Swan, Denver. Panelists: F. Joun Lewis, 
Chicago, H. Scort, Jr., Nashville. 2- 
3:15 p.m.—Temporal Lobe Excision for Psycho- 
motor Equivalent. A. EarL WALKER, Baltimore. 
Moderator: Paut C. Bucy, Chicago. Panelists: 
Joun R. Green, Phoenix, THEODORE RASMUSSEN, 
Montreal. 3:30-5 p.m.—Pulmonary Resection. 
Ricuarp F. Kierrer, JR., Baltimore. Moderator: 
Ricuarp H. Sweet, Boston. Panelists: J. MAXWELL 
CuaMBERLAIN, New York, C. Jones, Los 
Angeles. 

Turspay, 9-10:15 a.m.—Systemic Pulmonary Anas- 
tomosis for Tetralogy of Fallot. ALFRED BLALock, 
Baltimore. Moderator: FRANK GERBODE, San Fran- 


cisco. Panelists: GEorczk H. Humpureys, II, New 
York, H. Mutter, Jr., Charlottesville, 
Wuus J. Ports, Chicago. 10:30 a.m.-12 noon.— 
Repair of Pectus Excavatum. Mark M. Ravitcn, 
Baltimore. Moderator: Rosert E. Gross, Boston. 
Panelists: CHARLES W. Lester, New York, HErR- 
BERT C. Maier, New York. 2-3:15 p.m.—Thyroid- 
ectomy. Epwarp S. STaFForD, Baltimore. Modera- 
tor: WARREN H. Co tg, Chicago. Panelists: Ricu- 
ARD B. CaTTELL, Boston, Brown M. Dosyns, 
Cleveland. 3:30-5 p.m.—Interruption of Patent 
Ductus. C. SasisTon, JR., Baltimore. Moder- 
ator: K. Arvin Seattle. Panelists: 
Tuomas H. Burrorp, St. Louis, R. ApAMs Cow- 
LEY, Baltimore. 


Wepnespay, 9—10:15 a.m.—Gastrectomy. GeorcE G. 


Finney, Baltimore. Moderator: FREDERICK A. CoL- 
LER, Ann Arbor. Panelists: CLARENCE J. BERNE, 
Los Angeles, ALTON OcusNnER, New Orleans. 10:30 
a.m.—12 noon.—Repair of Ventricular Septal De- 
fect. Henry T. BAunson, Baltimore. Moderator: 
Joun H. Gipson, Jr., Philadelphia. Panelists: 
Georce H. A. Crowes, Jr., Cleveland, DENTON A. 
Coo.ry, Houston, C. Watton LILLEHEI, Minne- 
apolis. 2-3:15 p.m.—Bladder Substitution. WiL- 
LIAM WALLACE Scott, Baltimore. Moderator: Eu- 
GENE M. Bricker, St. Louis. Panelists: R. KEn- 
NEDY GitcHrRist, Chicago, WILLARD E. Goopwin, 
Los Angeles. 3:30-5 p.m.—Operation for Pancre- 
atic Disease. I. Baltimore. 
Moderator: Joun H. MuLHoLLanp, New York. 
Panelists: Epwin H. Columbus, KENNETH 
W. WarREN, Boston. 


Tuurspay, 9-10:15a.m.—Radical Mastectomy. WaR- 


FIELD M. Firor. Moderator: CLARENCE E. GARD- 
NER, JR., Durham. Panelists: Ropert W. Buxton, 
Baltimore, CHARLES Eckert, Albany. 10:30 a.m.- 
12 noon.—Spaulding-Richardson Composite Oper- 
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ation for Uterine Prolapse. Richarp W. 
Baltimore. Moderator: HowaARD ULFELDER, Boston. 
Panelists: Vircit S. CounsELLER, Rochester, Minn- 
esota, EuceNe A. Epwarps, Chicago. 2-3:15 p.m. 
Operation for Biliary Disease. James P. Isaacs, 
Baltimore. Moderator: I. S. Ravpin, Philadelphia. 
Panelists: Joe W. BAKER, Seattle, FRANK GLENN, 
New York. 

Fray, 9-10:15 a.m.—Portacaval Shunt for Portal 
Hypertension. James R. CANTRELL, Baltimore. Mod- 
erator: Louis M. RousseLot, New York. Panelists: 
ArtTHUR H. BLAKEMORE, New York, MAry ANN 
Payne, New York. 10:30 a.m.-12 noon.—Excision 
of Aortic Aneurysm. Henry T. BAHNsON, Baltimore. 
Moderator: MicHacEt E. De Bakey. Panelists: Or- 
MAND C. JULIAN, Chicago, Conran R. Lam, Detroit. 
2-3:15 p.m.—Goebel-Stoeckel Operation for In- 
continence. RicHArp W. TE Linpe. Moderator: 
Lancpon Parsons, Boston. Panelists: ALBERT H. 
AvpripcE, New York, H. Atlanta. 


Ciné Clinics 


The tentative and preliminary schedule of Ciné 
Clinics follows: 


8:30 a.m.-12:30 p.m. Grover C. PEN- 
BERTHY, Detroit, presiding. Pancreatitis. Davy M. 
Hume, Richmond. Pancreatectomy. JoHN A. ScHIL- 
Linc, Oklahoma City. Choledochojejunostomy for 
Restoration of Biliary Drainage. CHARLEs G. CHILD, 
III, Boston. Gallbladder. PrRorgssor JoHN Bruce, 
Edinburgh, Scotland. The Surgical Acalculous Gall- 
bladder. Joun M. Dorsey, Evanston, Illinois. 
Common Duct Stones. Ropert M. Moore, Galves- 
ton. Panel Discussion. 

Wepnespay, 8:30 a.m.-12:30 p.m. ALLEN M. Boy- 
DEN, Portland, presiding. Surgery of the Adrenal 
Glands. Victor Ricuarps, San Francisco. Surgical 
Treatment of Bronchogenic Carcinoma. GgorcE V. 
BRINDLEY, JR., Temple, Texas. Islet Cell Tumors 
of the Pancreas. Ian Arrp, London, England. Safe 
and Conservative Treatment of Lesions of the Fe- 
male Breast. W. Emory Burnett, Philadelphia. 
Emergency Surgery of the Acutely Injured. JAmMEs 
D. Harpy, Jackson. The Story of Renal Calculi. 
CuaARLEs C. Hiceins, Cleveland. Film interviews: 
Sir Gorpon Gorpon-Taytor, London, England. 
Presentation of Motion Picture Awards. 

Tuurspay, 8:30 a.m.—12:30 p.m. H. Mut- 
LER, JR., Charlottesville, presiding. Traumatic 
Hernia of the Diaphragm. Witt1am E. Apams, 
Chicago, Joun T. Reynoxps, Chicago, PETER 
Vincent Mou Jr., Chicago. Repair of Hiatal 
Hernia. James F. GRowpon, Little Rock. Cardiac 
Arrest. Henry Swan, Denver. Lesions of the Fal- 
lopian Tube. NEweLtt W. Puicpott, Montreal. 
Vaginal and Abdominal Hysterectomy. JoHN 
ARTHUR STALLWoRTHY, Oxford, England. Surgical 
Treatment of Prolapse of the Rectum. WiLL1aAM 


A. ALTEMEIER, Cincinnati. Neoplastic Disease. 
J. Extiot ScarsoroucH, Jr., Emory University, 
Fray, 8:30 a.m.-12:30 p.m. Frank L. Gergonpz, 
San Francisco, presiding. Cholecystectomy and 
Operative Cholangiography. W. Baker, 
Seattle. Adrenal Gland Surgery. Epwin H. Eur 
son, Columbus. Cardiac Surgery. EARLE B. Ma- 
HONEY, Rochester, New York. Arteriovenous Fis- 
tula. Joun M. Howarp, Atlanta. Topic to be an- 
nounced. HucH Epwarp STEPHENSON, Columbia. 
Breast Case. Ropert W. Buxton, Baltimore. 


Postgraduate Courses 


The broad outlines of 6 (out of 8) Postgraduate 
Courses follow. The next issue will carry all the 
courses in detail, with names of teachers. Please 
note the difference in scheduling this year: 6 
courses will meet Tuesday through Friday, 8:30 
to 11:30 a.m.; 1 (Gynecology and Obstetrics) 
will meet Monday through Thursday morning, 
with Friday morning an “‘open” session, to which 
nonregistrants may come; Surgical Aspects of 
Pulmonary Disease will meet afternoons, Monday 
through Thursday, 1:30 to 4:30. 

Since attendance is limited by the combination 
of two factors—the number which can be profit- 
ably instructed and the amount of space available 
—immediate registration to these valuable and 
popular courses is urged. 

Not outlined here are the courses on Gastro- 
intestinal Disease, and Diseases of the Liver, 
Biliary Tract, and Pancreas, both Tuesday 
through Friday morning series. 


PREOPERATIVE AND POSTOPERATIVE CARE 


Francis D. Moore, Boston, Chairman. 

8:30-11:30 a.m. 

Turspay—The Effect of Disease on Regulatory 
Mechanisms of the Body Fluid; Management of 
Early Postoperative Convalescence; Management 
of Late Postoperative Convalescence; Problems in 
Nutrition, Oral and Intravenous; Nutrition and 
Resistance to Infection; Symposium on Surgical 
Problems in Infants and Young Children. 

WepnespAy—Problems in Acute Trauma: Trache- 
otomy—Indications and Management; Transfu- 
sions—Rate, Route, and Hazards; Hemorrhagic 
States Following Trauma and Massive Transfu- 
sions; Fibrinogen-Fibrinolysis Phenomenon; Rec- 
ognition and Treatment of Invasive Sepsis After 
Trauma—the Use of Antibiotics in Severe Injury; 
Case Analysis Clinic. 

TuHurspAy—Surgical Problems in Liver Disease; Res- 
piratory Problems and Inhalation Therapy; Pre- 
operative and Postoperative Care of Patients Un- 
dergoing Aortic and Major Vessel Replacement 
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Surgery; Function of Stomach Remnants and Small 
Intestine Following Gastric Procedures. 
Fripay—Symposium on Burns; Case Analysis Clinic. 


GYNECOLOGY AND OBSTETRICS 


Louis M. HELLMAN, Brooklyn, Chairman. 

8:30-11:30 a.m. 

Monpay—Perinatal Loss: Anesthesia, Analgesia, and 
Resuscitation; Factors in the Genesis of Cerebral 
Palsy and Mental Deficiency; Factors in the Pre- 
ventability of Perinatal Loss. 

Tuespay—Dystocia: Malpresentation; Pelvic Con- 
traction; Uterine Dysfunction. 

WepNnEspAY—Endocrinology: Aberrations of Mens- 
truation; Ovarian Dysgenesis; Endocrinologic As- 
pects of Genital Cancer. 

TuurspbAY—Genital Carcinoma; Endometrial Car- 
cinoma; Cervical Carcinoma; Ovarian Carcinoma; 
Vulvar Carcinoma. 

Open Day—Relationship of Endocrines to Endome- 
triosis; Surgical Treatment of Uterine Malforma- 
tions; Oxygen Gradients Across the Placenta; Fetal 
Heart Rate Recording; Progress with the Cyto- 
analyzer; Alternate. 


IMMEDIATE TREATMENT OF 
MULTIPLE INJURIES 


Preston A. WaDE, New York, Chairman. 

8:30-11:30 a.m. 

Tugespay—First Aid and Transportation; Accident 
Room Care; Open Wounds and Open Fractures; 
Priorities for Initial Care in Disaster. 

WepnespAy—Head Injuries; Facial Injuries; Hand 
Injuries; Spinal Cord Injuries. 

Tuurspay—Injuries of the Upper Extremities; Low- 
er Extremities; Multiple Injuries of the Trunk; 
Multiple Injuries of the Soft ‘Tissues. 

Fray—Injuries to Chest; Injuries to Abdomen; 
Treatment of Shock and Hemorrhage; Injuries to 
Kidney and Bladder. 


CARDIOVASCULAR SURGERY 


H. Witu1am Scott, Jr., Nashville, Chairman. 

8:30-11:30 a.m. 

in Thromboembolism; Post- 
phlebitic Venous Stasis and Ulceration; Arterial 
Injuries; Arterial Embolism; Arteriovenous Fistu- 
las; Panel Discussion on Portal Hypertension and 
Bleeding Esophageal Varices. 

Wepnespay—Aortoiliac Occlusive Disorders; Athero- 
sclerotic Occlusive Disorders of the Peripheral Ar- 
teries; Aneurysms of the Thoracic Aorta; Aneu- 
rysms of the Abdominal Aorta and Peripheral Ar- 
teries; Panel Discussion on Arterial Aneurysms, 
Occlusions, and Grafts. 


Tuurspay—Patent Ductus—Typical and Atypical; 
Tetralogy of Fallot and Allied Disorders; Congen- 
ital Stenoses of Pulmonic and Aortic Valves; Atrial 
Septal Defects; Panel Discussion on Open Heart 
Surgery. 

FripAy—Mitral Stenosis; Méitral 
Aortic Stenosis; Aortic Insufficiency; Panel Discus- 
sion on Coronary Artery Disease. 


FRACTURES IN CHILDREN 
AND IN THE AGED 


Epwin F. Cave, Boston. 

8:30-11:30 a.m. 

Tuespay—Lower Extremity Session: Principles and 
Prognosis in Fracture Management; Femoral 
Shaft Fractures; Upper Femoral Fractures; Frac- 
tures About the Knee; Fractures of the Tibia and 
Fibula; Fractures of the Ankle. Question and 
answer period. 

WeEpNEspay— Upper Extremity Session: Forearm 
Fractures; Fractures of the Elbow; Supracondylar 
Fractures of the Humerus—Volkmann’s Contrac- 
ture; Fractures of the Shoulder and Humeral Shaft; 
Epiphyseal Injuries; Pathologic Fractures. Ques- 
tion and answer period. 

TuurspAy—Fractures in Aged Session: The Aging 
Process in Bone; General Principles of Fracture 
Management in the Aged; Fractures in the Spine; 
Fractures of the Forearm and Wrist; Fractures of 
the Shoulder, Humerus, and Elbow; Pathologic 
Fractures. Questions and answer period. 

Frmay—Fractures in Aged Session: Fractures of the 
Hip; Fractures of the Femoral Shaft; Fractures 
Involving the Knee Joint; Fractures of the Tibia, 
Fibula, and Ankle. Question and answer period. 


SURGICAL ASPECTS OF 
PULMONARY DISEASE 


Joun W. Strieber, Boston. 

1:30-4:30 p.m. 

Monpay—Fundamental Aspects of Pulmonary Sur- 
gery: Surgical Anatomy of the Lungs and Bronchi, 
Including the Common Significant Anomalies; 
Thoracic Physiology—Evaluation and Clinical 
Application; Surgical Diagnostic Procedures for 
Pulmonary Disease—Use and Misuse: The Thor- 
acic Roentgenogram as a Surgical Tool; Ideal 
Anesthesia for Pulmonary Surgery. Question and 
answer period. Current Concepts in the Manage- 
ment of Thoracic Trauma: The Abnormal Physi- 
ology of Thoracic Trauma; The Immediate Man- 
agement of Thoracic Trauma; The Late Aspects 
of Thoracic Trauma; Summary and Remarks. 
Question and answer period. 

TugespAy—Congenital Pulmonary Lesions of Surgical 
Significance; Spontaneous Pneumothorax—Man- 
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agement and Results; Pulmonary Cysts and Em- 
physema—Surgical Aspects; Surgery of the Tra- 
chea and Bronchi; The Superior Vena Caval Syn- 
drome—Significance and Treatment. Question and 
answer period. Thoracic Infections: The Antibac- 
terial Therapy of Nontuberculosis Pulmonary In- 
fections Before, During, and After Thoracic Oper- 
ations; Management of Empyema Thoracis in 
Infants and Adults; The Surgery of Suppurative 
Pulmonary Disease and Its Complications; Surgical 
Aspects of Pulmonary Fungous Infections. Ques- 
tion and answer period. 

Wepnespay—Surgery of Thoracic Neoplasms: Tu- 
mors of the Trachea and Bronchi; Tumors of the 
Thoracic Cage, Pleura, and Diaphragm; Medias- 
tinal Tumors; “Solitary Circumscribed” Pulmon- 
ary Lesions, Including Neoplastic Metastatic Le- 
sions. Question and answer period. Bronchogenic 
Carcinoma: Etiologic Factors of Significance; Re- 
sponse of the Tracheobronchial Mucosa to Irri- 
tants; Radical Pneumonectomy for Bronchogenic 
Carcinoma; Lobectomy for Bronchogenic Car- 
cinoma; Management of Inoperable and Nonre- 
sectable Patient; Contraindications to the Surgical 
Treatment of Bronchogenic Carcinoma and Sum- 
mary. Question and answer period. 

Tuurspay—Surgery of Pulmonary Tuberculosis: 
Current Concepts of Chemotherapy for Pulmonary 
Tuberculosis; Extrapleural Thoracoplasty, Modern 
Aspects; Extrapleural Pneumothorax and Subcos- 
tal Plombage—Indications, Technique, and Re- 
sults; Management of Tuberculous Empyema. 
Question and answer period. Pulmonary Segmental 
Resection for Tuberculosis; Lobectomy and Pneu- 
monectomy for Tuberculosis; Management of 
Residual Space and Related Complications Follow- 
ing Resection for Pulmonary Tuberculosis. Ques- 
tion and answer period. 


Advisory Committee on Local Arrangements 


Dr. Royal A. Schaaf, Califon, New Jersey, 
heads the Advisory Committee on Arrangements 
for this forty-third Clinical Congress. The secre- 
tary is Dr. Herbert D. Axilrod, Atlantic City. 

Members of the Committee from Atlantic City 
are Drs. David B. Allman, Harold J. Bayer, 
Richard C. Bew, Arthur Dintenfass, Morris Gott- 
lieb, Robison D. Harley, V. Earl Johnson, James 
Henry Mason, III, Anthony G. Merendino, 
Charles H. deT. Shivers, G. Ruffin Stamps, and 
Harry Subin. 


Members of the Committee from other New 
Jersey cities are Drs. Ralph J. Belford, Princeton; 
Samuel A. Cosgrove, Jersey City; Benjamin 
Daversa, Spring Lake; Stuart Zeh Hawkes, 
Newark; Philip J. Kunderman, New Brunswick; 
J. Harold MacArt, South Orange; Andrew F. 
McBride, Jr., Paterson; Paul Mecray, Jr., Cam- 
den; Herbert A. Schulte, Newark; James H. 
Spencer, Newton; and Edward W. Sprague, 
Newark. 

Mrs. Stuart Z. Hawkes heads the Ladies En- 
tertainment Committee, and all ladies attending 
are assured a week of interest and recreation. 


Registration Information 


Special forms for advance registration, hotel 
accommodations, postgraduate courses, and 
travel have been mailed to Fellows of the Col- 
lege, and will be mailed to non-Fellows upon 
request. Prior registration is advisable, if at all 
possible, for it eliminates waiting in line to ob- 
tain the necessary badge of admission to Congress 
events and affords greater assurance of obtaining 
your Postgraduate Course and other accommo- 
dations. 

Anyone unable to register in advance may 


present his credentials at the central registration 


desk at Convention Hall. Hours there follow: 


Sunpay, October 13, 3 to 7:30 p.m. 

Monpay, October 14, 8 a.m. to 5:30 p.m. 

Tuespay, October 15, through Frmay, October 18, 
8 a.m. to 5 p.m. 


Fees 


Fellows whose dues are paid to December 31, 
1956, pay no registration fee. Those who have 
not paid dues up to date must pay the registra- 
tion fee of $20.00. Non-Fellows pay $20.00 and 
members of the Federal Services pay $10.00. No 
fee (except for the Postgraduate Courses) is re- 
quired of Initiates, members of the Candidate 
group, and Surgical Residents. Surgical Resi- 
dents are requested to present a letter of identi- 
fication signed by the administrator of the hos- 
pital with which they are affiliated. 

Everyone who attends a Postgraduate Course 
pays the nominal $5.00 fee. 
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